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The Editor’s Page 


EMBERS of U. S. Institute and subscribers to its maga- 

zine who were unable to attend our fourth annual meet- 
ing will find a very complete report in this number of the ad- 
dresses, discussions and transactions. 

It is not a verbatim report of all of the discussion because 
certain interesting parts were declared ‘‘off the record’’ by the 
Chairman. Necessary abstracting has robbed the reader of cer- 
tain other interesting and valuable remarks. 

That which is published, however, is an inspiring record of 
the progress of scientific textile research in this country, and of 
increasing appreciation by the industry of its need as an aid to 
meeting and solving new competitive conditions. 

The generous cooperation of the Textile Foundation and its 
fellows in making available up-to-date reports that formed the 
basis of the research symposium, accounts in part for the fact 
that little other current textile research was discussed. It 
emphasizes the fact that these are the most important funda- 
mental textile studies in progress in this country, if not in any 
country. 

The fact that the British Cotton Industry Research Asso- 
ciation is now most concerned with the application of scientific 
results in industry, rather than with fundamental research, as 
noted by Mr. Coulson, came as a surprise to many of those 
present. It will soon become a major problem in this country. 

As noted by Chairman Bush it was unfortunate that Dr. 
Hardy, whose color analyzer was discussed by Dr. Rose, could 
not have been present to explain its operation and its uses in in- 
dustry. Dr. Hardy has promised to prepare such a statement 
for publication in our next number. 

‘‘ America Self-Contained,’’ by Samuel Crowther, the book 
referred to by President Garvan in his address, and a copy of 
which was presented to all of those present at the annual meet- 
ing with the compliments of Mr. Garvan, is published by Double- 
day, Doran & Co., Ine., Garden City, N. Y. 








U. S. Institute’s Fourth Annual 
Meeting and Research Symposium 


HE fourth annual meeting of U. S. Institute for Textile 

Research, Ine., was held at the Hotel Commodore, New 
York City, Thursday, November 2d. It was preceded and fol- 
lowed by meetings of the Board of Directors. The Corporation 
meeting started with luncheon, between whose courses the busi- 
ness agenda was presented and acted upon. Pres. Garvan pre- 
sided at the Corporation meeting, and the research symposium 
that followed was presided over by Dr. Vannevar Bush, vice- 
president and dean of engineering, Massachusetts Institute of 
Technology. 

Sixty-one members and guests attended the Corporation 
meeting and practically all remained until the close of the re- 
search symposium. Present as guests of the Institute in addition 
to Dr. Bush were the following: Franklin W. Hobbs, chairman, 
Frank D. Cheney, director, and Edward T. Pickard, secretary, 
The Textile Foundation; Arthur Besse, pres., National Associa- 
tion of Wool Manufacturers; Ramsay Peugnet, secretary, The 
Silk Association of America; Dr. Robert E. Rose, pres., Ameri- 
can Association of Textile Chemists and Colorists; Alexander 
F. W. Coulson of the Shirley Laboratory of the British Cotton 
Industry Research Association; Dr. R. W. Webb of the Division 
of Cotton Marketing, Department of Agriculture. 

Letters of regret at inability to be present as guests of U. S. 
Institute were received from the following: Lord Barnby, head 
of Francis Willey & Co., Bradford, Eng., and Boston, Mass., and 
formerly chairman of the British Research Association for the 
Woollen and Worsted Industries; George A. Sloan, pres., The 
Cotton-Textile Institute; and the following directors of the Tex- 
tile Foundation: Stuart W. Cramer, Hon. Daniel C. Roper, Seec- 
retary of Commerce and Hon. Henry A. Wallace, Secretary of 
Agriculture. 
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Directors Elected 


The report of the Committee on Nominations (Philip A. John- 
son, chairman, Dr. E. H. Killheffer and A. R. Mitchell, Jr.) 
covering directors for a three-year term expiring in 1936 was 
adopted unanimously. Of the following new directors all but 
the last two were re-elected. Jno. W. Arrington, pres., Union 
Bleachery, Greenville, S. C.; Thos. T. Clark, pres. & treas., 
Talbot Mills, North Billerica, Mass.; D. F. Edwards, pres., 
Saco-Lowell Shops, Boston, Mass.; H. Grandage, vice-pres.. 
Clark Thread Co., Newark, N. J.; K. P. Lewis, pres. and treas., 
Erwin Cotton Mills Co., Durham, N. C.; Albert R. Pierce, agent, 
Pierce Mfg. Corp., New Bedford, Mass.; H. M. Chase, supt. and 
director of research, Riverside & Dan River Cotton Mills, Dan- 
ville, Va., succeeding Robert R. West, pres. and treas., of the 
same company; A. L. Lustig, pres. and gen. mgr., The Apponaug 
Co., Apponaug, R. I., succeeding W. Robert Blum, resigned. 


Officers Elected 


At the meeting of the Board of Directors the Committee on 
Nominations reported the following ticket for officers, including 
vice-presidents whose terms had expired, the report being 
adopted unanimously: President, Hon. Francis P. Garvan; 
Treasurer, Ernest N. Hood; Secretary, Charles H. Clark. Vice- 
pres., Alban Eavenson, succeeding W. Robert Blum, resigned. 
Including those whose terms had not expired, the vice-presidents 
of U. S. Institute are now as follows: Thos. T. Clark, Alban 
Eavenson, Dr. E. H. Killheffer, K. P. Lewis, H. V. R. Scheel. 

The terms as directors of none of the members of the Execu- 
tive Committee having expired, that committee is unchanged in 
membership. 


Research Committee Expanded 


The Board of Directors confirmed the nominations by the 
Research Committee of Alban Eavenson and Philip A. Johnson 
as members of that committee, and also confirmed the commit- 
tee’s suggestion that the office of vice-chairman be created. Dr. 
H. DeWitt Smith was elected to the latter office and A. L. Lustig 
was added to the committee. 
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The Board of Directors adopted unanimously a vote of thanks 
to Hon. Francis P. Garvan, president, and William W. Buffum, 
treasurer and general manager of The Chemical Foundation, to 
Massachusetts Institute of Technology and to the Textile Foun- 
dation, for their valued co-operation and financial aid extended 
to U. S. Institute during the 1932-33 fiscal year. 


Corporation Meeting 


By order of the President the Secretary acted as chairman of 
the Corporation meeting. The annual report of the Board of 
Directors, as read by the acting-chairman, and as published in 
this issue, contained in abstract form the annual reports of the 
Treasurer, the Auditor, the Secretary, the Executive Committee 
and the Research Committee and was accepted by the Corpora- 
tion as their combined reports. Action upon the agenda, in- 
cluding the election of new directors and of new members, was 
completed in record time, thus allowing the research symposium 
to start in advance of the scheduled hour. 


New Members Elected 


The following applications for contributing and annual mem- 
berships in U. S. Institute, as presented by the Secretary, were 
elected by the Corporation: Contributing Members: The Clark 
Thread Co., Newark, N. J., and J. & P. Coats (R. I.) Ine., Paw- 
tucket, R. I., represented by H. Grandage, vice-pres. Annual 
Members: American Printing Co., Fall River, Mass., auth. rep., 
J. R. Bonnar, technical director; Chatham Mfg. Co., Elkin, N. 
C., auth. rep., T. M. Roth; LaWall & Harrisson, Philadelphia, 
Pa., auth. rep., Jos. W. E. Harrisson; Mrs. Ellen B. MeGowan, 
Teachers College, Columbia Univ., New York City; E. A. Milne, 
Griswoldville Mfg. Co., Griswoldville, Mass.; William H. 
Porcher, southern agent, Whitin Machine Works, Charlotte, N. 
C.; Robert L. Sibley, mgr., development dept., Rubber Service 
Laboratories Co., Nitro, W. Va.; Skenandoa Rayon Corp., Utiea, 
N. Y., auth. rep., F. W. Mattinson; The Twining Laboratories, 
Fresno, Cal., auth. rep., F. E. Twining; Ivan Wolff, Business 
Engineers, Ine., New York City. 
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The Research Symposium 


President Garvan’s annual address, which opened the re- 
search symposium following the luncheon-meeting, was an in- 
spiring record of research accomplishment and opportunity, a 
caustic arraignment of so-called internationalists, and a strong 
plea for American independence politically, industrially and so- 
cially, the latter based in part upon the book ‘‘ America Self- 
Contained,’’ by Samuel Crowther, a copy of which was presented 
to each of those present by Mr. Garvan. 

He was followed by Franklin W. Hobbs, chairman of the 
Textile Foundation, who outlined some of the most important 
recent work of that organization. President Garvan then intro- 
duced Dr. Vannevar Bush as chairman of the research sym- 
posium. The addresses of President Garvan, Mr. Hobbs and 
Dr. Bush and the symposium discussion are reproduced in large 
part elsewhere in this issue. 

Following the introductory remarks of Dr. Bush, the dis- 
cussion was opened by the following speakers: Ephraim Freed- 
man, director of the Bureau of Standards of R. H. Macy & Co.; 
Dr. Robert E. Rose, director technical research E. I. du Pont 
de Nemours & Co., and president of the American Association 
of Textile Chemists and Colorists, and Dr. H. DeWitt Smith, 
vice-chairman of U. 8. Institute’s research committee and treas- 
urer of the A. M. Tenney Associates. 

Among those taking part in the open discussion that fol- 
lowed were: Alex. F. W. Coulson, David C. Seott, Dr. D. H. 
Powers, Jos. F. X. Harold and C. H. Clark. 

At the close of the discussion a rising vote of thanks, moved 
by Mr. Freedman, seconded by Mr. Harold, and adopted unani- 
mously, was tendered Dr. Bush for his able and interesting direc- 
tion of the discussion, and to the program committee for their 
work in preparing for the meeting. The members of the latter 
committee were the following: Dr. W. E. Emley, chairman; 
Prof. E. R. Schwarz, vice-chairman ; Prof. Louis A. Olney, Prof. 
H. J. Ball, Charles H. Clark. 





President Garvan’s Address 


| CONGRATULATE you on your year of progress, not only 

on your progress in textile research, but on the return of 
business which has fortunately come to you. It is a happy and 
pleasant thing to hear among you gentlemen who ean testify to 
the success and progress that the N. R. A. is making. 

I can also speak for the chemical industry. The chemical 
industry in America, which was founded substantially by Presi- 
dent Wilson to see to it that the lessons of war were learned 
and that those conditions never returned, is today in the service 
of the American people running 110% of its peak in 1929. 

I could go through many other industries which come under 
my eye and repeat the same story. My neighbor here tells me 
that there has been a big improvement in his business, that last 
October they had a weekly payroll of $2900. In October of this 
year he was employing 5460, with a weekly payroll of $95,000 
and he is booked up with orders until the month of January. 

This is in answer to the carpings which are now beginning 
of misplaced polities and of banker-influenced opposition to the 
great progress which, under the leadership of our President, and 
with the co-operation of all honest, decent, patriotic American 
citizens, America is making from the depression that we suffered 
under during the last four years. I ean’t go into more details. 
I want to come down to specific things. 

This is a research institution. I want to suggest that you 
take an example from one of the things in the N. R. A. which 
has not been given sufficient publicity. The President appointed 
a scientific board to advise all United States agencies in the 
development of research and science in their departments or in 
their industries. That Committee consisted of Isaiah Bowman, 
chairman of the National Research Council and director of the 
American Geographical Society; W. W. Campbell, president of 
the National Academy of Sciences; Karl T. Compton, president 
of the Massachusetts Institute of Technology ; Gano Dunn, presi- 
dent of the J. G. White Engineering Corporation; Frank B. 
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Jewett, vice-president of the American Telephone and Telegraph 
Co., and president of the Bell Telephone Laboratories; Chas. F. 
Kettering, vice-president of the General Motors Corporation; 
C. K. Leith, professor of geology, University of Wisconsin; John 
G. Merriam, president of the Carnegie Institution; R. A. Milli- 
kan, director of the Norman Bridge Laboratory of Physies. 
Karl T. Compton, of the Massachusetts Institute of Technology, 
has been made its chairman. 

That committee is at work and is at your service. You ean 
take to them your problems and derive from them the assistance 
which their great knowledge and great experience justifies. Al- 
ready they have set up a separate committee to introduce science 
to the railroads. They will go through each industry, and form 
a board of scientists best fitted to solve the problems of that 
industry, and to adjust that industry to the other industries in 
the solving of their problems. So you will have to have a board 
of scientists from which they can choose, a board which is inti- 
mately familiar with your problems. Therefore, I advocate that 
on your board of directors you throw out the banker, who is 
nothing but a parasite (laughter), and put on a scientist, not 
only that your board of directors may get in touch with the 
development of science, but also that the scientists may in turn 
be placed in touch with the practical problems of the applica- 
tion of this development of scientists. 

You have heard much about the introduction of the professor 
in Washington. He has been the subject of jokes and the sub- 
ject of criticism. Some of them will prove good. Some of them 
will prove bad, and will be passed on. But nobody has called 
attention to what the President has done for the cause of edu- 
cation in America by opening up to the professors of America 
the possibility of attaining high positions in the Government if 
they become so proficient in their science as to be useful in the 
solving of our national problems. The professors all over the 
country are working today as they have never worked before. 
They have got a new incentive, a new ambition, and that will 
react to the benefit of your boys and my boys in having a more 
practical and experienced professor, ambitious and experienced 
by contact with the problems of life, coming back to teach them 
in the classroom. Anyone who has had boys knows the imprac- 
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ticability of a large part of the classroom instruction. That evil 
will be put to an end by opening up these new careers to the 
professors who prove themselves to be worthy of them. 

So I want you to have a scientist on the board of every com- 
pany in the textile industry and I want those scientists to form 
their own little organization, their own little society, who can 
meet together, and encourage and instruct each other in their 
problems of the welding together of scientific development and 
the practical horse-sense of you practical men. 

I have sent to each of your places today a book, which is being 
circulated by the Chemical Foundation: ‘‘ America, Self-Con- 
tained,’’ by Samuel Crowther. This gives you a little sketch of 
what science has done for this country since the last war. It 
shows you that in the last war we were dependent upon foreign 
nations for dyes, drugs, nitrates, potash and several other major 
articles, but that today we are dependent upon the world only 
for tin and one or two other minor products, which the chem- 
ists and the scientists of America can find adequate substitutes 
for. 

See what a different position we occupy, with the clouds of 
war hanging over us as they are today, hanging perhaps lower 
than you or I can realize. Remember the causes of the last war! 
Remember how we were dragged in! It was the necessity of 
keeping our shipping going on the high seas that allowed Ger- 
many to give us the casus belli which brought us into that cata- 
elysm. This is as necessary to the protection of our neutrality 
as for the efficiency of our national defense. If Japan wants to 
fight Russia, and if Europe wants to commit suicide, we can 
today close our doors and protect ourselves, not only from any 
attack by them but from any involvement in their dispute, by 
refusing to give them an opportunity to violate our neutrality be- 
cause of our necessities. 

For ten years we have been subjected to a barrage of propa- 
ganda of a so-called internationalism. At the basis of that propa- 
ganda was the international banker, so well typified by Albert 
Wiggin. (Laughter.) He and his like misrepresented us and 
sold us out; but he wasn’t alone to blame. You gentlemen were 
partly to blame. It was your deposits he and his like were able 
to play with. You didn’t understand that you had a right to 
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see to it that your banks properly used your deposits. He was 
elorified by you. His importance was magnified. His character 
as a parasite upon American business was eulogized by you; and 
now I want you, as a result of the research into what it has 
brought us to, to see to it that your deposits are administered by 
bankers who are bankers, and who are not internationalists, and 
who are not speculating with the savings of your labors. 

The wages of internationalism we have paid. Sixteen billion 
dollars of your savings were shipped abroad, and that has been 
the cause of the depression. The American people have had to 
save a new stake to go on doing business. That doctrine was the 
doctrine of cowardice. It said to the American free-man, ‘‘ With 
your unlimited resources, with your unlimited education, with 
all your history of liberty and independence, there are things 
essential to your life and the pursuit of your happiness for 
which you must stand and admit that you are forever dependent 
upon other men and other nations.’’ 

It said, ‘‘A German can make better toys for your children, 
and drugs for your sick. A Frenchman can better clothe your 
women and perfume them. A Scotchman can make a better 
whiskey for you.’’ (Laughter.) It was all a lie and a deliber- 
ate insult to the character and the soul of men and women of this 
country. It was fine doctrine for the international banker, the 
international Capones, and the international racketeers; but it 
has been a cancer in American manhood and womanhood, and 
a cancer that in these, its initial stages, is being cut out by the 
awakened conscience and intelligence of the American people. 

This book shows you America self-contained, but there is a 
new book to be written and a book to be written by each and 
every one of you men: ‘‘ America Self-Contained for Self-Con- 
tained Americans.’’ There is a spiritual side to independence as 
well as an economic side. There is a manhood side. I will not 
stand and say I am dependent on anyone else except myself for 
any and all time, but each and every one of us will struggle to 
be the self-contained man we hope our children will be. 

I say it bunglingly; Emerson has said it better than I can 
say it. He said: 

‘“We have listened too long to the courtly muses of 


Europe. The spirit of the American free man is al- 
ready suspected to be timid, imitative and tame.’’... 
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‘*We imitate and what is imitation but the traveling of 
the mind? Our houses are built with foreign taste. Our 
shelves are garnished with foreign ornaments. Our opin- 
ions, our tastes, our whole minds lead and follow the past 
and distant, as the eyes of the maid follow her mistress. 
The soul created the arts wherever they have flourished. 
It was in his own mind that the artist sought his model. 
It was an application of his own thought to the thing to 
be done and the conditions to be observed. And why need 
we copy the Dorie or the Gothic model? Beauty, con- 
venience, grandeur of thought and quaint expression are 
as near to us as to any; and if the American artist will 
study with hope and love the precise thing to be done by 
him, considering the climate, the soil, the length of the 
day, the wants of the people, the habits and forms of the 
people, he will create a house in which all these will find 
themselves fitted, and taste and sentiment will be satisfied 
also. Insist on yourselves. Never imitate.’’ 


I have one pleasant thing to report to you today in closing, 
in showing you the march of independence on which we have 
placed our feet. One of your great problems is cotton. Cotton 
has too great a position in the politics of America and in the 
problems of America, and it is the duty of the chemist and of the 
textile people to do what they can to help solve the problem for 
the over-producing farmer of the South. The chemist has done 
much by developing the cotton seed, and other by-products of 
eotton, but Charles A. Herty is just accomplishing another great 
step forward in allowing the southern farmer to produce a great 
by-product, which is slash pine. 

The discovery was simple when the truth was found, and 
that was that under the God-given sunshine of our southern 
states, a paper-making tree of equal quality will produce as much 
paper in ten years’ growth in the South as it will produce in 
Canada, or Finland, or northern New York in the space of fifty 
years. This morning I received a telegram from Dr. Herty 
stating that he had the first commercial run in a fast, absolutely 
modern newspaper mill, and has produced a paper equal to the 
paper of the New York Times at from half to three-quarters the 
cost which we are now paying for the paper which we use. 

All that means a whole new crop for the South. Even this 
year we imported two-thirds of the newspaper print we use. 
We paid other countries over $100,000,000 this year, and some 
$250,000,000 in 1929 for something which God had given us—the 
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sunshine to produce right here for the benefit of our American 
people. 

And so it goes on. But down at the base we must have the 
spirit of Emerson. Remember we are all one people now. No 
longer does immigration flow in to us for absorption from nations 
of all the world. There is no boy in this country, practically 
speaking, today who was not born here. There were only 700,- 
000 here on January i, 1930, who were not born in this country. 
Every year we march on and on to becoming a homogeneous 
people. Let us see to it that we have the high purpose of de- 
veloping the character of our children and our children’s chil- 
dren in an independence both economie and spiritual. (Ap- 
plause. ) 


Address of Chairman Hobbs of The Textile 
Foundation 


HE Textile Foundation has now been in existence for three 

years. Naturally we felt our way along quite slowly at 
first but have gradually been extending our activities. 

As you know we have contributed liberally to the American 


Association of Textile Chemists and Colorists, in which Prof. 
Olney of your association has done such good work. We have 
also established a number of fellowships with men in different 
parts of the country carrying on research in various matters con- 
nected with the textile industry. These young men have already 
accomplished much and this year will develop many ideas of 
real value to the industry. 

In order to let the industry know about the actual research 
work that is being carried on I am glad to state that we have 
made an arrangement with your organization to print in your 
magazine, Textile Research, extracts from the reports that these 
men make to us. In this way we hope that more publicity will 
be given to the work and greater benefit result. In preparing 
these extracts I am very glad to say that the Foundation has 
secured the assistance of Dr. Rose as chairman of the Publica- 
tions Committee, and Professor Schwarz to supervise their pub- 
lication and put them in proper form for printing in your maga- 
zine. 

As you know, last year we published a book, entitled ‘‘Com- 
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mercial Problems in the Woolen and Worsted Industries’’ pre- 
pared by Paul T. Cherington. Early this year we brought out 
another study, entitled ‘‘Merchandising of Cotton Textiles’’ by 
Drs. Copeland and Learned of the Graduate School of Business 
Administration of Harvard University. 

The Silk Association of America is now preparing a work on 
the ‘‘Merchandising of Silk Fabrics’’ which we hope to publish 
in the near future. These three works we believe will be of dis- 
tinct value to the different branches of the textile industry. 

At the present time we are carrying on an investigation of 
the courses of study provided in the different textile schools of 
the country. In order to have this investigation handled in the 
broadest and best way we were fortunate to secure as an Ad- 
visory Committee in charge of the work Dr. Karl T. Compton, 
president of Massachusetts Institute of Technology; Dr. E. C. 
Brooks, president of North Carolina State College, and Dean 
R. E. Doherty of the Sheffield Scientifie School of Yale Univer- 
sity. They have assumed the direct charge of this investigation 
and, on their recommendation, we appointed Dr. F. M. Feiker 
to take charge of the work. Dr. Feiker has been at work for 
some months and has made a most careful investigation of the 
whole subject. He has visited all of the textile schools in the 
country and next month the Advisory Committee is planning 
to hold a conference at which Dr. Feiker and the heads of all 
the textile schools will be present. At this conference the whole 
subject will be most fully discussed and after that we shall soon 
have a definite report from Dr. Feiker giving his views about 
the whole situation. As a result of this investigation we believe 
that the textile schools will be brought up to a higher standard 
of efficiency and, therefore, will be able to do more effective work 
for the industry. We are confident that we shall accomplish 
much of real practical value, not only to the young men who 
will take courses in these schools, but to the industry itself. 

You will see, therefore, that while we are still carrying on 
the work of scientific research with the fellows, we have also pub- 
lished practical works on merchandising and are now making 
the study that I have mentioned about the textile schools. 

It is perhaps needless for me to tell you that we shall welcome 
any suggestions that any of you may have as to other lines along 
which we can be of service for we are willing and anxious to do 
anything that can be done to help the textile industry. 





Board of Directors’ Annual Report 


OUR Board of Directors and Executive Committee held but two meet- 

i 4 ings during the fiscal year 1932-33: Nov. 3, 1932, and Feb. 9, 1933. 
As these were combined meetings this will be a consolidated annual 
report of both bodies to the Corporation. 

Omission of the other regular quarterly meetings of the Board, and 
of coincident and interim meetings of the Executive Committee, were due 
initially to the unsettled condition of general business, and later to the 
demands made upon the time of members by code and other N. R. A. work. 
Several of our directors, including our President, have accepted N. R. A. 
administrative duties and may have little time for U. S. Institute work 
during the current year. Fortunately for the effective continuance of 
U. 8S. Institute activities, responsibility for most of the latter had been 
delegated previously to committees. Your President also made possible 
the continuance of his administrative duties, during his absence in Europe 
in the Summer and later on N. R. A. work, by authorizing your Secretary, 
in his letter of May 25, to act for him in matters requiring prompt de- 
cision. 

Your books of account have been audited by Mr. William W. Buffum 
and his certificate of their correctness has been accepted and filed. Your 
Treasurer’s report shows a small debit balance as of Sept. 30, and also 
that the Institute operated well within budget figures for the fiscal year 
under review. The budget accepted for the current year provides for ex- 
penses no larger than last year, but for an increase in receipts that it is 
hoped may become available for research work. 


Encouraging Accomplishments 


In addition to continued ability to operate in black figures, for which 
U. S. Institute is deeply indebted to the Chemical Foundation and to 
Massachusetts Institute of Technology, the following are some of the most 
encouraging accomplishments of the year under review:: 

A substantial increase in memberships, thus reflecting increased in- 
terest of the industry in U. S. Institute’s services and objectives. 

Initiation of the publication of the domestic textile industry’s first 
scientific magazine, and of an arrangement with the Textile Foundation 
by which complete reports of its research fellows are published in TEXTILE 
RESEARCH. 

The distribution of 1,671 copies of U. S. Institute’s book Textile Re- 
search: A Survey of Progress, another important item reflecting increas- 
ing interest of the industry in the subject reviewed. 

Substantial progress made by the Textile Foundation, the American 
Association of Textile Chemists and Colorists and the co-operating labora- 
tories of U. S. Institute upon researches covering subjects that were sug- 
gested by U. S. Institute, and also upon subjects originated by them, cer- 
tain of these studies already having produced results of valuable applica- 
tion in industry, and others now approaching completion also giving prom- 
ise of definite and important results of practical use. 
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Memberships 


During the year under review life memberships were unchanged. Two 
of an original 36 contributing memberships were lost by resignation, six 
by transfer to the annual class, and one new member was elected during 
the year, leaving a total of 29. Of an original 102 regular annual mem- 
berships 18 were lost by resignation or non-payment of dues, while 22 
were gained by election of new members and six by transfer from the con- 
tributing class, making a total as of Sept. 30, 1933, of 112, and with com- 
plimentary annual memberships a total of 357. The total membership of 
388 as of Sept. 30, 1933, does not include 10 annual memberships paid in 
advance, but to be formally elected at this meeting. On Sept. 30, 1932, 
total membership was 385. 

Our most important membership work has been the selling of U. S. 
Institute to the complimentary members, and preliminary efforts designed 
to renew the latter as annual or contributing members. Lack of funds 
restricted a personal canvass of these members by the Secretary, and 
tentative plans by which the Secretary was to receive the aid of Directors 
in renewing these memberships had to be abandoned because of the latter’s 
N. R. A. activities. 

Our magazine, in the new printed form which was made possible by 
Chemical Foundation financing, has been relied upon to a large extent to 
sell U. S. Institute to these members, this reliance being warranted by 
its favorable influence in regular membership work. In addition com- 
plimentary members received four special letters designed to stimulate 
their interest in certain phases of our work; one of these drew specific 
attention to important articles in the magazine, and another accompanied 
the booklet Textile Research Progress, which summarized scientific tex- 
tile research in progress in this country, with special reference to that for 
which U. 8. Institute might claim some credit, and also explaining the 
functions of the Institute in this work. Your Secretary assumed re- 
sponsibility for initiating the renewal, or the increase to the contributing 
class, of these members and results thus far have been encouraging. The 
same may be reported of other membership work during the year, and of 
renewals of contributing and regular annual members since Sept. 30th. 


The Magazine, Textile Research 


The monthly magazine, TEXTILE RESEARCH, which has become such an 
important part of our services, could not have been initiated last November 
in printed form had not President Garvan and Treasurer Buffum of the 
Chemical Foundation visualized its possible value to the Institute and to 
the textile industry, and arranged for that part of its financing by the 
Chemical Foundation that should be in excess of the cost to the Institute 
of its old mimeographed bulletins. Chemical Foundation financing of the 
magazine terminated with publication of the June number, and as of 
Aug. 14th the Textile Foundation entered into an agreement with U. S. 
Institute, which was accepted by your Publications Committee, by the 
terms of which the Textile Foundation agrees for a year to use a mini- 
mum of 30 pages of text in each issue of the magazine at cost price to 
U. S. Institute. This, like the former arrangement with the Chemical 
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Foundation, insures continued publication of the magazine at a cost to 
U. S. Institute approximately the same as that for the old mimeographed 
bulletins. More important still is the fact that the publicity thus given 
to the reports of Textile Foundation fellows will represent a highly im- 
portant service to both organizations and to those members of the in- 
dustry who are sufficiently interested in new scientific textile knowledge 
to be willing to secure the magazine by membership in U. S. Institute or 
by subscription. Our agreement also includes the furnishing to the Foun- 
dation at cost of reprints of the published Foundation research reports, 
which reprints may be had gratis upon application to the Secretary of 
the Textile Foundation. 

A total of 528 pages of text were published in the ten issues of Vol. 
III of the magazine, including 422 pages of articles and miscellany, and 
106 pages of abstracts and bibliography, the latter consisting of 491 sepa- 
rate items. All of the published matter is indexed for reference at the 
Secretary’s office, and the publication of these indexes for Vols. II and 
III has been requested by several libraries and individuals. 

The magazine mailing list as of Sept. 30 was 475 copies, of which 
46 copies went to non-members on subscriptions. Of each number 600 
copies have been published to provide a surplus to take care of future 
demands and membership work. 


The Book, Textile Research: A Survey of Progress 


Sales work on our book Textile Research: A Survey of Progress has 
been one of the principal activities of your Secretary under supervision of 
the Publications Committee. The special appropriation of $300 for book 
promotional work was exhausted in June, and the only sales work con- 
ducted since then has been such as involved no additional expense that 
needed to be charged against the book account. 

A total of 1,671 copies of the book has been distributed, of which as 
of Oct. 20th cash sales accounted for 953 copies, the balance being books 
on order but not paid for; books forwarded ‘‘on approval’’ and not 
returned; also review and free copies. Some of the copies still out ‘‘on 
approval’? may yet be salvaged. There is an undistributed stock of 903 
copies, the disposal of which is a major problem to be handled by the 
Publications Committee. 

Gross receipts from book sales to Oct. 20th were $2,082.67; expenses, 
including publishing and selling, were $2,017.03, which leaves a balance 
of $65.64 to be applied against the $1,000 guarantee advanced by the 
Trustees of Massachusetts Institute of Technology. It is hoped and be- 
lieved that income from future sales of stock books, plus that from books 
still out ‘‘on approval’’ will take care of the M. I. T. guarantee account. 


Research Work 


As stated in our last annual report the work of the Research Com- 
mittee is performed largely by its sub-committees, of which the sub-com- 
mittee on abstracts and bibliography and that on economic research have 
been most active, as was the case during the 1931-32 fiscal year. The 
Research Committee’s annual report not having been received at this 
writing it is possible to refer here only to work previously reported. 
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The booklet Textile Research Progress, which has been received by 
all members and which was compiled by your Secretary with the aid of 
the Research Committee and its sub-committees, provides in condensed 
form a review of the status of research on subjects selected by U. S. 
Institute’s Research Committee and also of other important textile research 
now in progress. It also explains U. 8. Institute’s research plan and accom- 
plishments. 

At a meeting of the Research Committee in Washington, March 30th, 
Mr. Alban Eavenson and Mr. P. A. Johnson were nominated members to 
succeed Messrs. Walen and Taylor, resigned; these nominations were con- 
firmed by your Board at their meeting this morning and Mr. A. L. Lustig 
and Mr. H. DeWitt Smith were also elected to the committee, the latter 
as vice-chairman. At the Washington meeting it was deemed advisable 
that, when a new problem is brought up for consideration, someone pro- 
ficient in the field should be selected to prepare a summary and bibliog- 
raphy of existing information, and a synopsis of work yet to be done. 
Such a report on the subject of predicting the spinning value of cotton 
is being prepared by Mr. H. P. Gurney. 

The sub-committee on Abstracts and Bibliography, which is also the 
Board of Editors of the magazine, TEXTILE RESEARCH, has had its work 
largely increased by its servicing of the magazine. The committee has 
been fortunate in securing the services of Mr. M. W. Weiss, of Skinner & 
Sherman, Inc., of Boston, as an abstractor of chemical subjects. The 
major part of the work is handled by Prof. E. R. Schwarz as chairman, 
and his work has been further increased by supervision of Textile Founda- 
tion contributions to the magazine. Prof. Schwarz is a member of the 
Publications Committee of the Foundation, thus giving us an important 
contact in the handling of Foundation reports. 

The sub-committee on Economic Research, all of whose members are 
resident in or near New York City, has held frequent meetings during the 
year under review. It has been engaged in the logical development of 
its preliminary report, first submitted to U. S. Institute in May, 1932, 
and elaborated in its report of November, 1932, ich latter was pub- 
lished in the November, 1932, number of TEXTILE SEARCH and further 
explained in the December number. During the year under review, and, 
as a result of questionnaires submitted to the leading textile associations 
and to individuals within and outside of the industry, it reduced the orig- 
inal 16 major subjects to the following four: Balancing and Stabilization 
of Production and Sales; Selective Distribution; Pricing and Price Poli- 
cies; Cost Methods in Production and Marketing. 

Because the first two subjects are the subject of study of other or- 
ganizations it was felt that further study of them by the committee 
should be held in abeyance for the present. It was also decided that the 
last two topics could well be combined for study under the title Price 
Bases and Policy for the Textile Industry. A plan for the latter study 
is under consideration and it is believed that no more timely and valuable 
piece of economic work could be done for the industry. During the year 
Mr. Evans Clark resigned as a member of this sub-committee and was 
succeeded by Mr. Douglas G. Woolf. 





Research Symposium 
Introduction by Dr. VANNEVAR BUSH, 


Chairman 


Current Textile Research in the United States. 

Just why I have been called on to preside at such a meeting will 
undoubtedly be a mystery to you as it was to me. The object of the meet- 
ing, as I take it, is to review the cooperative aspects of research in 
progress, to search for desirable ways in which such cooperation can be 
earried further, and, as Mr. Hobbs has just brought out, to open up new 
lines and suggestions of new lines where research could be carried on to 
advantage. 

The only qualification that I know of that I have for presiding at a 
meeting to consider that subject in textiles is that I know nothing what- 
ever about the subject. (Laughter.) The point of view that I bring 
is that of an exceedingly interested outsider. I am not a textile man in 
any sense. I say that very frankly because my point of view has to be 
taken into account in order that you may not misunderstand me. 

I have been reading and studying a bit recently what is going on 
in textile research for a number of reasons: First, because the Massa- 
chusetts Institute of Technology is exceedingly interested in the matter, 
as you know; and, second, because I was coming to this meeting to pre- 
side at the request of your Secretary, and I wanted to know at least 
what was going on. 

I have gathered some impressions which I will pass on to you in open- 
ing this symposium, with the thought that some of these things may call 
for further discussion from you who know much more about them than 
I do. 

I have read the reports of the textile fellows, supported by the Tex- 
tile Foundation, and Prof. Schwarz very kindly put in my hands some 
recent summaries of what is going on, prepared by these men. One thing 
I can say definitely, and I am very glad to say it: they are exceedingly 
interesting reports, and they are well written. These men know how to 
tell what they are doing, and they seem to me to know what they are 
trying to accomplish. I don’t think that is always true in a research 
report from a youngster, and I was pleasantly impressed. 

I have also read your journal, and I have read a number of other 
things that have been put into my hands for the purpose, and I get this 
impression: There is a great deal of textile research going on in this 
country, largely however in public institutions and semi-publiec institu- 
tions, research in the Bureau of Standards, in educational institutions, 
research sponsored by the Textile Foundation, research in some of the 
concerns which supply the textile industry with materials; a great deal 
that is interesting, but surprisingly little, if I can judge from the pub- 
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lished accounts of research, that emanates from the textile companies 
themselves. Excellent fundamental research is being done, and there is 
plenty of evidence of cooperation between workers in the field, but the 
impression that I get as an outsider is quite frankly that there is an 
almost total absence of effective contact between many or most of the 
individual textile companies and the bulk of this material. I may be 
utterly mistaken, and I hope I am. I gave you my promise as I ap- 
proached this as a new thing that I would give you frankly my impression, 
and that is it. 

There are two kinds of research in any industry; first, the broad 
fundamental research, the basic research, which is essentially the fune- 
tion of government and public units, carried on to form a foundation on 
which to erect individual programs, to keep the country abreast of the 
world in the industry, and from the point of view of the industry itself to 
be an insurance against the wiles of rapidly improving contenders for 
the purchasing power of the public. There is a second type of research 
for individual companies, which entirely properly partakes of a somewhat 
different nature; which is based, or should be based, upon the general 
research that I have just spoken of, but which is more directly applicable 
to the business. 

Now, gentlemen, I believe that public research should be funda- 
mental research, and that it should be entirely such; and I believe that 
the research of the individual company should be that which is applied. 
But it is also true, I feel quite sure, that the individual companies in an 
industry, as they carry on their research programs, cannot and should 
not fail to pay some attention to fundamentals themselves. This is true 
for several reasons: First, in order that an individual company may par- 
take of the benefits of research going on all over the world, it is neces- 
sary to have a group in that company in a position to understand what 
is going on. That means more than a chemist in a textile plant, for, no 
matter how good that chemist may be as a chemist, he cannot at the 
same time be a physicist, biologist, engineer and what not. It is neces- 
sary to go further than that: to have this group contribute to the gen- 
eral fund of knowledge. That is not altruism. It is stark necessity. No 
company with a research group will really partake of the benefits to be 
obtained from the presence in the industry of general research, public- 
supported and supported by institutions, unless its group is capable of 
understanding it, and is also contributing to it. The reason for that has 
been learned long ago by those companies which have in this country 
prospered by reason of research. I have in mind very definitely the elec- 
trical manufacturing companies and the electrical communication situa- 
tion. These concerns learned long ago that their men, in order to par- 
take, must also contribute. We have in those companies fundamental 
research in individual commercial companies. 

The benefit to be derived by a company from the existence of re- 
search comes through its individuals, and those individuals obtain the 
benefits by reason of their contacts, for they know and understand other 
workers in the field. The one who, in such a situation, believes that it 
is more blessed to receive than to give is not accepted, is not one of the 
crowd, is not helped in his troubles. The idea of supporting pure research 
in an individual commercial company, out of funds that are hard to get, 
may seem far-fetched to many of you. I assure you that in my opinion 
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it is not. It is a part of the admission fee for entering into the benefits 
of research in general. 

As I view the textile industry (and I have to repeat from time to 
time so that you won’t forget) as an entire outsider and with entire 
humility; as I view it today, and its approach to research, it seems to me 
that several things are clear. The days when competition could be on a 
basis of costs from the standpoint of wages and hours of labor and such 
things are gone by. Competition today and in the future is on the basis 
of a better product produced at a lower total cost. No one can read 
the technical literature of textiles today without being thoroughly con- 
vinced that it is becoming exceedingly complicated and exceedingly tech- 
nical. Progress in producing a better product at a lower cost is going 
to be made by being in the forefront of the inevitable advance toward 
the highly scientific treatment of textile problems. 

Under those circumstances I do not see how any individual company 
in the field can logically fail to take part in this movement, to attempt to 
put itself into a position to benefit by reason of the fact that research is 
going on all over the world and particularly in this country, to contribute 
to that general development in order that out of that development it may 
draw facts and knowledge on which to base its own advance and its own 
sustenance in a competitive situation. 

I have one more feeling, gentlemen. This meeting is called largely 
to consider the present status and cooperative nature of our research. 
I have the distinct feeling that there is a great deal of cooperation, and 
very effective cooperation, between textile agencies, for I have met it 
everywhere as I have reviewed it. That is an excellent omen for the 
future, and I hope it will be furthered. 

Now, that is all I have to say. I have given you my first impres- 
sions as I have looked over your literature and contacted with some of 
your individuals. It impresses me that a symposium on this situation 
this afternoon can hardly hope to treat effectively of the details of re- 
search in even a restricted field, for you cover such a great range: the 
properties of fibres, color, fibre destruction, fibre processing, microscopy, 
x-ray analysis, and so on. It will be utterly impossible for a group of 
this sort to discuss the whole field in a manner that will not be superficial. 

I hope, therefore, that your discussion may turn more on the generali- 
ties of the situation, the ways in which cooperation may be made more 
effective; but also in the midst of that, while we cannot discuss in detail 
all of these very interesting things, that we may have out of this group 
suggestions and comments of desirable research, in order that, while we 
have Mr. Hobbs here with us, he may hear these suggestions first-hand. 
(Laughter. ) 

Let me in closing my part of this symposium review for you the re- 
search by the fellows who are working under the auspices of the Textile 
Foundation, with the impressions that I get of about where they stand 
at the present time, in order that we may have the situation a little more 
clearly before us as we proceed: 

First is Sisson, of the University of Illinois, who reported in your 
journal, in March and April of this year, on the X-Ray Analysis of Fibres. 
I want to note one thing about his research. He started with a very 
thoroughgoing study of the literature which is available. I congratulate 
him. Not every youngster has the intelligence to do this necessary pre- 
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liminary work in a thoroughgoing way as he did. He is working on the 
fundamental structure of cellulose, and has some x-ray pictures of which 
he has considerably developed the technique. 

Mr. Reese, who formerly worked in England at the University of 
Manchester, was re-appointed on a problem of dye chemistry, but has not 
gotten started to the point where he could put in a report. 

Mr. Osborne, at M. I. T., on the Micro-analysis of Fibres, who gave 
me a beautiful statement of the present situation in regard to the micro- 
analysis of fibres in textile research, is making a new table of charac- 
teristics from a micro-analysis standpoint for the identification of fibres. 
He has some thoughts on kemp fibres, and what they are, and how they 
are built. 

Mr. Salley, of Princeton, whose work on Dye Fastness and Textile 
Deterioration was reported in your journal in September, has been so far 
concerned on this problem with literature research. Now, let me say 
something in passing. I don’t want to appear to be critical, but it looks 
to me as though this chap had an enormous subject which ought to be 
broken down in justice to him and in the hope of getting somewhere. I 
am giving a first impression of the way it strikes me. That problem is 
so big that I wish there were more men on it, rather than one fellow who 
I think has a pretty tough time of it. 

Nussbaum is working with Hardy at M. I. T., and he is on the 
Spectrophotometric Analysis of Dyed Materials, working at the present 
time on the utilization of this method in distinguishing samples with small 
amounts of dyes added in order to determine the extent to which this 
method is capable of determining the presence and effects of small amounts 
of dyes. To me, at least, he was completely convincing that by that 
method he could distinguish far better than my eyes alone. 

Mr. Morey, at Cornell, who reported in May in your journal on the 
applications of polarized light in textile research, is working on the ques- 
tion of the angle of polarization of fluorescent light from fibres. I noticed 
with great interest that he was very careful of his limits of precision. 
That is an exceedingly difficult technique, as I know, and he has ex- 
amined the sources of errors in a way that made me feel very happy. He 
has found a paradox, a contradiction, and he knows he has found it; all 
of which is a good sign. At first I wondered why this is an important 
basic problem. I think he has a little fear in his mind that a good many 
people will wonder about that, but he convinced me that he was getting 
somewhere, and he also convinced me that there was a fair hope that his 
results might correlate in an interesting way with the properties of fibres 
that are directly of practical importance. 

Mr. Calkin, at Cornell, on the Absorption and Adsorption of Solutions 
by Textile Materials; this, frankly, is too much for me. I am not a 
chemist. 

Mr. Steinberger, at Harvard, on the Elastie and Plastic Properties 
of Fibres. That is a pretty broad subject. This gentleman, using a 
fixed temperature, a fixed rate of loading, and a varied humidity, has been 
getting curves: stress-strain relations which follow Hooke’s Law up to a 
certain point, and then exhibit a definite yield point and plastic flow. 
He is baffled, however, by the large number of variables, and the fact 
that, if he were to examine all possible variables and tabulate the results, 
he couldn’t possibly present them outside of an encyclopedia; and he 
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doesn’t know exactly what he is going to do about that. I sympathize 
with him exceedingly in his predicament. 

Mr. Teeters, at the University of Illinois, on the Influence of Pro- 
tein Constituents on Wool Fibres. Now I may be mistaken, but it seems 
to me that this man is doing quite a job in taking apart the keratin 
molecule. Of course, there has been a great deal of work done on this, 
and he is building on what has gone before; but he seems to have found a 
piece of the blueprint which will show, when complete, how keratin is 
constructed. It also appeared to me, perhaps erroneously, that he was 
being diverted from that study by a study of wool injury carried on sim- 
ultaneously. Now I don’t know whether that is true, and I don’t know 
again whether this man is capable of taking apart the keratin molecule, 
but let me say that if he is capable of doing that fundamental job I hope 
no one will interfere with the procedure. I hope that if you have in 
your midst a man who is capable of solving that exceedingly difficult or- 
ganic chemistry problem, which is fundamental to this industry, you 
won’t let him be diverted in any way. Again, don’t mind if I am frank. 

I have no report from Mr. Gould. 

Mr. Rogers, working at Lehigh, reported in your September journal 
on Silk Soaking. He has ten conclusions as to how silk takes up oil from 
an emulsion. He, again, has two problems, either one of which looks to 
me to be plenty. I won’t review all of his conclusions for you. You are 
generally familiar with them. 

Mr. Prindle, at M. I. T., on the Microbiology of Textile Fibres, seems 
to have a new way of taking a census of the bugs and molds that are 
present in a mass of textiles, by identifying them and counting them. 

- Mr. Campbell, who reported in your journal in October and Novem- 
ber, is working at the University of North Carolina, on the Disposal and 
Recovery of Textile Wastes, setting up an experimental plant in North 
Carolina, which, at the time of a report written about a week ago, was 
expected to be started in about a week. 

Mr. Ritchey, at the University of Illinois, on the Chemistry of Dyes, 
studying moth-proofing effects, has learned to propagate moths after some 
difficulty. He found that moth larvae seemed to thrive on quinine deriva- 
tives, and they are now being fed some organic sulphur and selenium 
compounds to see how they like those. 

Mr. Haley, at the Alabama Polytechnic Institute, on the Strength 
and Wearing Properties of Textile Fabrics, is trying to answer the ques- 
tion: just what is wear? The answer ought to be interesting. Again I 
am struck with the breadth of the subject. 

Mr. Lee, at Lowell Textile Institute, on a Critical Study of Manu- 
facturing Processes. Now, gentlemen, that is a subject. (Laughter.) 

This completes the review of the work in progress by this particular 
group. Of course, it is not a review of all work in progress in textile 
research by any manner of means. It is a sample, and one that is par- 
ticularly interesting to you I know. 

Now that is all I have to say to you gentlemen. I open the meeting 
to discussion, and in doing so I am going to call first on three men who, 
your Secretary tells me, are willing to open this discussion. I will call 
first on Mr. Ephraim Freedman, who can take the matter in any way 
that he sees fit. Mr. Freedman! 
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Wear Resistance and Abrasion Machines 


As discussed by EPHRAIM FREEDMAN 


EFORE I proceed with the discussion of wear resistance I would like 
B to correct an error, or, let me say, some misconceptions of a condition, 
expressed by our Chairman. I know he has done so unwittingly. 
During the course of his remarks he referred to the seemingly negligent 
attitude on the part of industry, and on the other hand to the great amount 
of work being done by the institutions of learning throughout the country. 
As a member of the Research Committee of the American Association 
of Textile Chemists and Colorists I find that on that Committee there is 
represented but one man connected with an institution of learning and that 
is the Chairman of the Committee, Professor Olney. All of the other men 
on that committee, or those who attend the mectings, are connected with 
industries, and they give unselfishly of their time and their efforts, are 
building up standards, and are developing knowledge of primary importance, 
not alone to the textile industry but to the consumer as well. 

Then, again, as a member of Committee D-13 of the American So- 
ciety for Testing Materials, I find that representatives of the institutions 
of learning throughout the country are conspicuous by their absence rather 
than by their presence. I feel that we ought to have more of them, and 
that industry will benefit considerably if those connected with our colleges 
become more active in these worth-while enterprises. 

Now for the discussion on wear resistance. Doctor Bush has informed 
you that a Textile Foundation fellow is engaged in making a study of 
various wear-testing apparatus with the object in view of learning more 
about wearability, and that as a primary problem he undertook the deter- 
mination of the relative efficiency of the various apparatus on the market, 
or, let me say, in use, because many of them are not for sale. I have 
learned with considerable regret that so far only those laboratories con- 
nected with commercial enterprises have actually given the Textile Foun- 
dation fellow the opportunity te complete this particular phase of the prob- 
lem. I make mention of this merely because I want you to feel not that the 
commercial laboratories are not busy, but rather that they may be geared 
up to handle more work. However, irrespective of what the real reason may 
be, I plead for more active cooperation on the part of the various textile 
institutes of learning with all fellows sent to them for assistance. 

I understand that this Foundation fellow is now trying to learn some- 
thing about the behaviour of bedsheets which are going through a con- 
tinuous cycle of home use and laundry. I hope you will pardon me when 
I say that I believe he is not stepping off on the wrong foot. Let me ex- 
plain. There are certain elementary and relating properties and conditions 
which are pertinent to the better advancement of this particular subject of 
wear resistance of fabrics. By wear resistance we have in mind the re- 
sistance to wear of surfaces, but this measure of wear resistance is not 
necessarily a measure of durability. Many other factors must be considered 
and given due weight if we are to increase our knowledge of wear re- 
sistance. 

Being actively engaged in the study of consumer problems as relating 
to merchandise, I know you will pardon me if I say that the problem of 
measuring the wear resistance of fabrics is intimately tied up with the 
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consumer acceptance of merchandise. It is naturally quite obvious that 
wear resistance tests conducted in laboratories shall be capable of interpret- 
ing, either by themselves or in combination with other physical and chemical 
tests, the relative suitability of textile fabrics. 

Many types of wear-testing or abrasion machines have been produced, 
and the sponsor of each type claims for it some definite merit. I do not 
intend to discuss the different types of apparatus that have been brought 
to my attention. I have constructed two myself, have redesigned one my- 
self a number of times, and am still occupied in making further improve- 
ments. I am certain that at least one yardstick is available for measuring 
the relative wear resistance of fabrics. I am frank to admit, however, that 
even though I have tested thousands of specimens of various types of tex- 
tile fabrics I have but scratched the surface of the subject. 

Because of lack of time, facilities and the press of other work, I 
recommend that this problem be prosecuted not by a few, but by many 
investigators. Otherwise the acquisition of the knowledge desired will be 
drawn out over too extended a period of time. 

I understand that some of the speakers are going to discuss the subject 
further, yet I feel it essential to emphasize the necessity for the conduct 
of a series of investigations, each having as its object the filling in of a 
section of the cross-word puzzle entitled ‘‘ Wearability.’’ 

Because of their influence on wearability, one set of sections might be 
termed: one, kind of fibre; two, fibre quality; three, length of staple; four, 
lofty versus tightly spun yarns; five, ply of yarns; six, effect of twist direc- 
tion; seven, type of weave; eight, cloth count; nine, scouring and bleach- 
ing; ten, mercerization; eleven, fulling; twelve, shrinking; thirteen, dyeing; 
and fourteen, finishing. Now there are others that might be included, but 
these are major ones. I have left out napping and shearing because rela- 
tively few fabrics are thus treated. These foregoing sections might be called 
the verticals for they deal with the factors influencing the quality of the 
cloth, and cover the problem from the raw fibre to the finished product. 
The sections I have just enumerated and their effect upon wear resistance 
should be undertaken first as subjects for study. 

Given a finished fabric, what then is to be expected of it? Where shall 
we draw the dividing line between satisfactory and unsatisfactory mer- 
chandise in so far as wearability is concerned? Obviously it becomes es- 
sential to study the uses to which the fabrie is to be put, and then to simu- 
late these conditions; or, if this is impractical, to set up laboratory tests 
which will permit us to evaluate fabrics in terms of consumer acceptance by 
correlating the results. 

For many years, physical tests to which fabrics were subjected were 
tensile strength and bursting strength. Of late, slippage, tearing, and ex- 
tensibility tests have been growing in favor. The wearability of the fabric, 
however, is influenced by many factors, and I will attempt to enumerate 
those which may be considered as being the horizontal sections of the eross- 
word puzzle. I refer to temperature, humidity, light, laundering, perspira- 
tion, tension and compression, friction, dry-cleaning, and chemical agents. 

Now we have the picture of wearability as influenced by raw material 
and manufacturing processes, as well as under conditions likely to occur in 
actual use; but although this may seem to complete the cross-word puzzle, 
there is still another angle to be considered; that is, the effect of wearability 
on tensile strength, bursting strength, tearing, slippage, warmth, color 
alteration and lustre. 
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Earlier in the discussion I remarked that I did not intend to discuss 
the different types of wear-testing apparatus, but I feel it incumbent upon 
me to sound a word of caution to those who may set up arbitrary standards 
without full cognizance of the numerous factors, included in the horizontal 
sections of the cross-word puzzle and in the effects on other consumer-ac- 
ceptance problems such as I mentioned before. 

The treatment accorded a voile is far different than that given a duck, 
yet each material has a definite place in the textile picture. A household 
bed blanket need not be required to resist abrasion as well as a camp 
blanket, and ofttimes there is a sacrifice of strength in order to obtain 
greater warmth without undue weight. 

A satin dress is usually admired for its lustre, while the condition of 
a man’s pocketbook is generally judged by the sheen of his suit. I have 
prepared a small chart which I will be pleased to show to the members of 
the Research Committee of U. S. Institute. This chart shows how this 
problem of abrasion had best be tackled in order to obtain results which 
will be of direct benefit to the textile industry. 

CHAIRMAN BusH: I think that Mr. Freedman, perhaps, misunderstood 
me. I was very careful to include among those who it seems to me are 
definitely contributing to fundamental textile research in this country, 
those concerns that supply the Textile Foundation with materials, dyes or 
what not. I still feel that my impression is distinctly that the textile manu- 
facturers themselves are not playing the prominent part in their contribu- 
tions to research that the importance of the industry warrants. 


Interpretation of Research to the Practical 
Textile Man 


As discussed by Dr. ROBERT E. ROSE 


a research problem. In any research problem one must consider 

the instruments, if instruments are to be chosen, for the measure- 
ment of the quantities that are relevant. As I rise to contribute what I 
can to this discussion, I should like to describe myself as an instrument. 

First, I represent the group of men who are doing all that they can 
to forward research in the textile industry, because it is their most vital 
interest, those men who have come together in the American Association of 
Textile Chemists and Colorists. 

In my business capacity I represent research done by one of the con- 
tributing industries to the textile industries, that one which relies so enor- 
mously on research, both applied and fundamental, the organic chemical 
industry. Before my industrial career I learned to view research from the 
standpoint which is characteristic of what Dr. Bush has told us, the point 
of view of the educationalist who is, after all, interested in furthering what 
he thinks it is to the best interest of the whole community to acquire in 
the way of learning, or in the way of the applications of learning. 

Previous to my teaching experience I was produced by an international- 
ism, a biological internationalism, and in addition to that I wandered 
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around the world a great deal so I think that I can view the subject from 
a good many points of view. I am not saying this in order to impress you 
with my personal achievements at all, but simply to give you some measure 
of the value of the emphasis, if there is any value attaching to it, of what 
I propose saying. 

I am quite in agreement with Dr. Bush, and at the same time I dis- 
agree with him fundamentally and profoundly. (Laughter.) I don’t 
think that there is the slightest question but that research is fundamental 
and important, and that more research might be done in the textile industry; 
in that I agree with him. I do not agree with him in believing that it 
would be of any advantage for the average textile plant to introduce re- 
search men without undergoing a much longer period of education than 
they have had up to the present. I mean the people who do the employing, 
not the research men. (Laughter.) 

What I have in mind is this: that research (and I am speaking now 
from my knowledge of it in the organic chemical industry) is extremely 
expensive, and unless you have a very good reason for assuming that it 
will bring in dollars-and-cents results, within a reasonable time, it is too 
expensive to employ with that breadth and that magnificent disregard of 
costs which is essential to its success. I think therein lies the difficulty 
in the textile industry, which is after all fundamentally a fabricating: rather 
than a synthetic industry, and therefore can rely on the contributed re- 
search of those industries that are collateral, if I may call them that. 

On the other hand, I think it is a little anomalous that the Association 
of Textile Chemists and Colorists should be doing research, glad to do re- 
search, which is of benefit to those who employ the members of the Associa- 
tion. I know of no other case of a group of men, who are employed, under- 
taking research for their employers out of their own pockets. I don’t 
think it is really healthy, except that it is clear proof that we are realizing 
very profoundly that research must be done. 

I feel very much encouraged when I turn to the record that Dr. Bush 
has read you of the kind of research which is being done because of the 
very excellent use being made of those funds at the disposal of the Textile 
Foundation. I think there we are stepping forward as we have not stepped 
forward before in this country. 

Having said this let me tell you that I think the most important link 
in this research problem, and the one that needs the most careful attention, 
is that which makes research available in the textile industry. That sounds 
rather bald, but let me take as an example this work that is being done 
at the Massachusetts Institute of Technology on measuring the color re- 
flectance of bodies, so as to delineate the character of the color by a graph 
which is undisputable and is permanent. It gets away at once, one can 
see, from the difficulty of the dye tester’s judgment, because, after all, 
judgment which can’t be backed up by some sort of index finger is judg- 
ment, and another man’s judgment may be just as good as yours, but it 
may differ from yours; and that is where the difficulty lies. If you are 
selling a dyestuff your judgment is apt to see a fullness of strength which 
the buyer does not quite agree he sees; an obvious difficulty where you 
don’t have an index finger. This instrument is, as it were, that needed 
index finger. But, unlike the obvious one on a balance that swings one 
way or the other, and that anybody can agree is either one side or the 
other of a central point, this curve to the average dye man means nothing 
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whatsoever. It is a pretty line that goes along on a paper, up this way, 
and that, with another line which goes over the top or underneath, but how 
on earth is the dye tester going to use that? This instrument (I saw it 
working the other day) plots a complete graph throughout the whole 
spectral region, in about eight minutes1 I believe; it is a remarkable piece 
of equipment, a triumph of exact measurement. 

At the time I was there, the particular graphs they were drawing were 
the ones that interested me very much because they related to some work 
that was done under my direction by Dr. Draves in which he maintained 
the thesis that no spectrophotometer could equal the human eye in its re- 
action to fine changes in hue, not strength. Now this instrument was going 
over the same type swatch that Dr. Draves had used (not the same sam- 
ples) and was recording differences. The gentleman who was doing the 
work was rather surprised when he found that the deviation from a yellow, 
caused by a trace of red, showed on the wrong side of the curve; so we 
still have something to explain there (Laughter) ; but anyway it did show 
a difference. 

I had some dyeings made that reproduced the ones that Dr. Draves 
made and the ones for which the graphs had been drawn by this instru- 
ment, and I took them around my laboratory with a stop-watch in my pocket 
to ask my men how quickly they could see the difference. They didn’t 
know what I was doing at all. I went into the Lake Laboratory, where 
they are not accustomed to looking at textiles at all, and I showed one man 
these two samples. He was getting something ready in a beaker, and he 
looked over his shoulder, and he said, ‘‘That one is way greef.’’ He was 
right, and he hadn’t even taken five seconds to reach the conclusion that 
one was greener than the other; and that, mind you, was a difference so 
small that a great many eyes couldn’t see it. The longest time taken by 
anyone in the laboratory to notice any difference in the swatches was one 
and a half minutes, and the error, as far as the direction of the difference 
between the swatches, was zero. I am not arguing that this instrument is 
not admirably adapted to the needs of the textile industry. What I am 
arguing is that you must interpret it to overcome those natural resistances 
which come to the mind of the man who uses his eye to detect color. My 
dye testers say: ‘‘That is a beautiful instrument, but since I ean see the 
difference in five seconds, what is the good of taking eight minutes.’’ And 
a good deal of harm (that is the real reason for my saying what I do) has 
been done by those who see the scientific side only and try to force a 
scientific instrument down the throat of a practical man simply because it 
is a beautiful instrument. It must do what he wants, as well as being a 
beautiful instrument, before he has any sympathy with its use. For in- 
stance, if you tell him that this instrument will show by the curve that there 
is a lack of red, which he admits is quite true, he yet has to see how he can 
know how much of a brown to add if the brown is what he has to use to 
bring in the element of red. He doesn’t deal with monochromatic hues. 
He deals with dyestuffs as he gets them, not always as he wants them 
either. (Laughter.) 

So that I think we can spend a great deal of effort and place a great 
deal of emphasis on bringing to the practical man what he can get out of 
the research that is done. I think that if we allow the research man to 
go his way, without making him feel that he must explain his results, not 


1 Editor’s note: Average time taken is approximately four minutes. 
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perhaps directly but through somebody else in some way that makes those 
results tangible to the man who uses them, we will be missing one of the 
very greatest advantages, one of the very greatest stimuli to research that 
we can possibly have anywhere; and if I have led you to agree with me even 
in a very small measure, I shall feel that what I have said has been of 
some advantage. Thank you! (Applause.) 

CiHAIRMAN BusH: It is delightful to have these gentlemen quote things 
that I didn’t say in order to disagree with me. (Laughter.) I was quite 
sure that they would disagree with everything that I did say, but I didn’t 
advocate, gentlemen, putting men into a research laboratory in an individ- 
ual industry without proper training, and I know that Dr. Rose did not 
think that I did, but that may have been left with you I know inadvertently. 
I am sorry that Professor Hardy isn’t here, for I think we might have an 
amusing session (Laughter). I don’t think there is anyone here to take 
up directly this question of the color analyzer. I can conceive that if 
Hardy were here he might ask, for example, whether Dr. Rose could tell by 
his eye that those curves were on the wrong side. 

Dr. Rose: I didn’t, Nussbaum told me. (Laughter.) 

CHAIRMAN BusH: He admitted it. Well, that is all right then. 
(Laughter.) And I might also ask how long it would take a man with his 
unaided eye to make a spectrophotometric curve. But, being serious for a 
moment, I don’t think any of us want to get things in the wrong place 
and least of all Hardy who has been exceedingly careful in all of his work. 
He is interested in the quantitative physical measurement of color, and I 
don’t think that he has tried to put it down anybody’s throat for any other 
purpose or that any of us would try to do so. It is an exceedingly interest- 
ing development and I am simply sorry that he is not here to discuss it 
further. 


Discussion by Dr. H. DeWitt Smith 


S the last of this little claque of ‘‘performers,’’ whose duty it has 
A been to start the applause in order to loosen up your own tongues and 

hands, I am going to confine my remarks to a few points that have 
come to me as I read over these interim reports, as well as previous semi- 
annual reports of the various research fellows of the Textile Foundation. 
They are random ideas and not very closely connected. 

First, I would like to say that I think the Publications Committee of 
the United States Institute and our secretary, Mr. Clark, should be highly 
complimented on the establishment of the journal, TEXTILE RESEARCH. 
We have in this country a number of fine trade journals on textiles and 
dyeing, but we have not until now had any one place comparable, for in- 
stance, to the Journal of the Textile Institute in England, where truly 
scientific research in textiles could be deposited for publication. 

This new journal of ours, TEXTILE RESEARCH, provides that, and it 
has interested me to observe how the papers and the Textile Foundation 
fellows and one or two cthers have made a beginning toward building up 
a body of published scientific textile research. I think that this journal 
will undoubtedly become more and more important as an outlet for the 
sort of material which many workers in the past have had to spread through 
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such a diverse number of scientific journals that textile men do not always 
find them readily. 

Dr. Bush having been disagreed with twice, I think that I will have the 
temerity to transfer my disagreement to Mr. Garvan. (Laughter.) I hope 
that we will not have to carry this hermetical sealing of ourselves as a 
nation from all physical and intellectual contact with the rest of the world 
to the point of putting our research workers young and old into such 
airtight containers, because it seems to me that a good deal of the mar- 
velous progress which we have made since the war in science and in tech- 
nology has been not only due to the information which we have exchanged 
among ourselves here, but also to much of value which we have received 
from the rest of the world. I venture to say that if any of our big in- 
dustrially-owned research institutions, such as the Telephone Laboratories 
or the Kodak Laboratories or the General Electric Laboratories, were to 
be cut off completely from all contact outside the borders of the United 
States, it would be to their, and to our country’s, great disadvantage. I 
do not see just how we can correlate the nationalistic idea of self-sufficiency 
with the international requirements of research, but I sincerely hope that 
the latter will not be allowed to suffer. 

In reading over the reports of these Textile Foundation fellows I am 
impressed very much by the bibliography that was compiled by Mr. 
Sisson, which Dr. Bush has already mentioned. Perhaps it is particularly 
because I am an ‘‘arm-chair’’ chemist now, for I do not get into the re- 
search laboratory very much, but I do try to keep up with what research 
laboratories are doing. It struck me that this bibliography on X-ray 
diffraction work is the best, the most clean-cut job and foundation on which 
to base the sort of study that he is trying to make, and the most clean-cut 
job of searching the literature which I have seen for a long while, and I 
think it should be commended to the fellows who are working in other 
fields. I notice that each of them have, of course, some bibliography in 
connection with their papers, but it appears to me as if none of them have 
spent such period of time at the beginning of their work, in the effort to 
dig up all the references on that particular subject and correlate them, 
so that they can start their climb from the other fellows’ shoulders, which, 
after all, is what they are entitled to do in science. I think that for the 
benefit of other workers a bibliography of that sort, if it could be pub- 
lished in each of these other general divisions, would be one of the most 
valuable functions that the Textile Foundation could perform at this stage 
of the textile research development in the United States. 

The grouping of some of the projects of the Textile Foundation is 
very commendable. For instance, the part of this program which I was 
particularly asked to discuss was the physical-chemical research on textile 
fibres, and I note that the Textile Foundation has one man working on 
X-ray diffraction analysis which has to do with the atomic orientation, and 
another on polarized light which covers the next step of molecular or 
micellar orientation, and a third on micro-analysis, which tries to reach 
down by direct optical means to the finest particles which can be actually 
seen. I think those three men and that program will, in the course of a 
few years, yield a very interesting picture of the structure of fibres, if it 
is correlated with other work that is being done in our own country and 
abroad. 

With respect to the wear problems which Mr. Freedman has discussed 
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so ably, I feel strongly that this fellow should start by studying why and 
how fabrics wear. I mean that this wear problem, which is one of the 
most difficult testing problems that we have, should be started in much the 
same way several of the commercial laboratories have employed; namely, by 
gathering a collection of wearing and worn fabrics and studying them tu 
see what sort of strains they have undergone and what sort of destruction 
they have undergone, rather than by plunging immediately into a compari- 
son of machines that are already in existence. Few of us in commercial 
work have tried to do more than attack one particular problem, one par- 
ticular type of fabric, and the subject of how and why various fabrics wear 
should be thoroughly explored before we can go very far toward devising 
tests for them. 

As I read over these various reports, it seemed to me that, apart from 
the bibliography, the next most important result we can hope to get in the 
immediate future is the development of new techniques, and the perfection 
and the testing of those techniques such as that which Morey has described 
on polarized light, or the micro-analysis work which has been started. You 
will find that these workers have often first to learn what they wish to 
measure and how to devise instruments to measure these factors, which, 
after all, is one of the most important functions of research because it will 
provide the tools with which many other workers outside of the Textile 
Foundation can check these results and carry on from there. (Applause.) 


Discussion by Alex. F. W. Coulson 


agree with Dr. DeWitt Smith’s idea of international co-operation 

because, for one thing, being selfish, I think it would help me to get to 
know more while I am over here. Apart from that, however, I do honestly 
believe international co-operation to be the thing that will advance research 
in the fastest possible way. We all must build up on what the other man 
has done. It is absolutely absurd for laboratories all over the world to be 
conducting the same researches blindfolded and not having the benefit of 
the results that other people have already got. 

This is largely the case at the present time I very much regret to say, 
and, in consequence of it quite a large amount of very valuable work has 
been duplicated. While this is good in a way, because of the check pro- 
vided, it does waste a lot of time, particularly as the check is sometimes 
never known to exist. 

I was most interested to hear of the vast program of fundamental re- 
search that has been carried out on the fibre, particularly the cotton fibre, 
in this country, and this of course is the first problem. Over in England 
at the Shirly Institute we started work in 1920, and for about five years 
we concentrated on fundamental research. At that time the call came 
from the trade for some sort of practical results and we had to turn over 
a large part of our staff to the practical application of the work already 
accomplished. About five years ago we built a small experimental mill, 
which was the logical outcome of the original fundamental work, and we 
then started applying the knowledge that we had already gained to the 
processing of the cotton itself. 

The interest in the industry was very quickly aroused by this and 
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figures show that the amount of cooperation between the research labora- 
tory and the trade has increased many, many hundred times since that 
small experimental mill was opened. It was something that the trade could 
get a real grasp on and something that they themselves were more inter- 
ested in than the fundamental work which was the basis of it. 

Personally, I would rather continue on the fundamental side, but it 
must be realized by everybody that that cannot continue too long and that 
the application must be brought out in the trade. 

The work on fibres that is being studied over here seems to me to go 
much deeper than anything we have ever done. I think I am correct in 
saying that so far as the cotton fibre is concerned we have contented our- 
selves with the physical properties of the fibres, or those that can just be 
seen under the microscope, and we haven’t gone, to any great extent, into 
the molecular structure or the sub-microscopie investigations which ean be 
carried on with X-ray, ultra-violet light and that kind of thing. It should 
lead to some very interesting results. 

I don’t know whether I could describe any of the recent developments 
which have arisen out of the work done at the Shirley Institute and which 
might be of interest to some people present. I see in the last report from 
the Institute there was mention made of new opening machinery which 
relies on air currents for cleaning the cotton. It is quite an old idea, the 
idea of separating out the heavier particles in cotton from the lighter ones 
by gravity. First of all the cotton is opened up very thoroughly by mechani- 
cal means. The finely separated raw cotton is then so arranged in a cur- 
rent of air that the heavier particles fall differentially, and you separate it 
out into various portions and finally get the clean cotton and the percentage 
by weight of dirt of various kinds. In this way you can analyze a sample 
of raw material very quickly and find out quite a lot about its spinning 
qualities without having to put it through the mill processes and spin it. 
That is one of the ways in which the fundamental work is going to be linked 
up with the practical side. 

We want to be able to tell from the fibre as we analyze it, what kind 
of a yarn it is going to spin, what count it can spin up to economically, and, 
roughly, we want eventually to be able to predict what strength it will 
yield. 

I think that is about all I can say, except to tell you how much I have 
enjoyed the discussions here. I feel it is a great privilege to be allowed to 
attend here as your guest. Thank you very much. (Applause.) 

CHAIRMAN BusH: Thank you, Mr. Coulson. We are very glad to have 
you here. The meeting is open for discussion, gentlemen; 

Mr. Hosss: Mr. Chairman, may I say just a work of appreciation tor 
the various criticisms and suggestions that have been made about the work 
that the fellows are doing under the direction of the Textile Foundation? 
It reminds me somewhat of two days we spent last spring (I am very sorry 
that my associate on that, Mr. Cheney, had to leave just a few minutes ago, 
but I spoke to him before he went out). We had a two-day session in 
Washington, you will remember, Dr. Rose, at which all of these men were 
present. 

They read very brief reports of the results of their work, and then 
Mr. Stuart Cramer and I, as the textile members of the Board (we have 
two official members, ex officio, the Secretary of Commerce and the Secre- 
tary of Agriculture who were not present) proceeded to criticize them for 
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a lot of things they were doing and suggest various ideas, and it seems 
that we very much offended some of these young men, who thought that 
the technical research work was something beyond any practical criticism. 
(Laughter.) However, we got them all smoothed down and they went 
back to their work very happy. 

Of course, you understand, gentlemen, that we have had the advice 
and suggestions of very splendid technical advisers, and I want to tell you 
at this time how much indebted we are to Dr. Rose for the invaluable aid 
he has given and the time he has devoted to this work; also to Prof. 
Schwarz of the Massachusetts Institute of Technology who has done a 
great deal of work and has been of very valuable assistance. 

Then, without detracting from what I have said about the others, 
the one man who I think has performed the greatest service of all has been 
Dr. Compton, president of the Massachusetss Institute of Technology. Dr. 
Compton, as you all know, is a great scientist, but he has that remarkable 
combination of hard-headed, common sense that is not always found in a 
great seientist. He has been our unfailing guide and help in times of 
trouble, a man on whom I sometimes have felt we have called for too much 
assistance, but who has been never-failing in coming to our rescue. 

I am very glad indeed, in behalf of the Foundation, to have had these 
suggestions; I won’t call them criticisms, but suggestions; and I know 
that, speaking for one of our technical advisers here, Dr. Rose, he will 
give us the benefit still further of those suggestions. 

While we are groping along, we have two things definitely in mind: 
First, to do real fundamental research without the slightest idea as to 
whether or not it is ever going to have any practical value. That is a thing 
that time alone will tell. The other thing that we have had in mind is that 
these young men, after getting the habit of thinking along textile lines, 
even if they don’t get anywhere in their fundamental research work, ought 
to be of great value to the textile mills as research workers or directors 
of research. (Applause.) 

CHAIRMAN BusH: Thank you, Mr. Hobbs. I can’t help but say one 
more word about these textile fellows, because, gentlemen, I did get a dis- 
tinetly pleasant impression from reading those reports that these young- 
sters know what they are doing and know how to tell about it, which, let 
me repeat, is unusual. Of course, any youngster starting in on research 
becomes enamored of it and he may be impatient of eontrol. He may think 
that the practical man has no right to criticize his holy research and so 
on, but those things are inevitable and the youngster, if he really has an 
ambition to become a research leader, will come through. 

I was glad to see the way in which these chaps are going after bibli- 
ographies; the way in which they are getting at the fundamental problem 
of their particular job, without being diverted to some side issue; and a 
number of other little points that indicate that they know where they are 
going. I think it is an excellent experience for them, and I think the Tex- 
tile Foundation is doing a very fine thing in making it possible. 

Let me say also, Mr. Hobbs, that I greatly appreciate your very nice 
tribute to Dr. Compton. 
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New Properties of Kemp Discovered 


There having been no immediate response to the Chairman’s query as 
to whether there was any additional discussion, Secretary Clark requested 
the privilege of reading and placing on record the report of some findings 
regarding kemp, which, even though they might have no practical applica- 
tion in industry, he considered interesting because they explode previous 
ideas of both scientists and practical men that kemp is a dead wool fibre, 
and absorbs dyes poorly. The statement was prepared at Mr. Clark’s re- 
quest by Prof. E. R. Schwarz of M. I. T., who is directing a Textile Founda- 
tion study on the Micro-Analysis of Fibres by G. Gordon Osborne, and is as 
follows: 

‘*Recent work at M. I. T. on the actual structure of the kemp fibre 
has proved the following: That there is a definite scale formation on the 
surface of the fibre completely encasing it. In all respects this is similar 
to wool. In themselves, however, the scales are smoother in surface and 
less jagged in edge; they are less prominent in their projection from the 
fibre, both in length and angle; nor do they overlap to the extent common 
in wool. 

‘*TIn eross-section the fibre is strikingly different. Scale and outer 
casing are the same; the interior of the fibre, however, is just the reverse 
of normal wool. In kemp the cortical layer is extremely small whereas in 
wool it forms the major portion of the fibre. In both, this layer appears 
as a homogeneous mass, though in reality it is formed by myriads of 
tightly packed and closely cemented spindle-cells. In some wools a fine 
medulla forms a core through the center of the cortex. 

‘*Tt is this medulla that comprises the major part of and is the dis 
tinguishing aspect of, a kemp fibre. It is cellular in composition, the cells 
being spaced without break throughout the fibre. They are irregular in 
size and outline and are arranged in similar order to the cells in a honey- 
comb. This medulla in true kemp is the product of a special group of cells 
in the root, is annular in growth and, therefore, can scarcely be considered 
an abnormality. 

‘*The much greater reflection from kemp than from normal wool, is 
due to the air-filled medulla, and is the cause of the difference observed 
after dyeing. In reality, however, it has been shown, by removing the air, 
that kemp and wool are almost equally dyed; penetration and affinity being 
very similar. 

‘*Early workers (Bowman, Matthew) regarded kemp as a malforma- 
tion of normal wool, differing from wool through a fused surface, lack of 
projecting scales and ivory, opaque appearance. Kemps resist dyeing; 
oceur in particular parts of the fleece-legs; are short in length; and a 
sign of want of trueness in breeding. 

‘*Priestman showed that the brightness or silveriness of kemp by re- 
flected light, and its density or opacity by transmitted light, were due to 
the air enclosed in the fibre. Removal of the air makes the fibre trans- 
parent. He, too, regarded the fibre as a malformation or faulty wool fibre. 

‘*Perhaps the best description of the origin of kemp is given by 
Roberts. He points out that most mammals, including the primitive varie- 
ties of sheep, have two coats: an outer coat of protective hair and an 
inner warmth-retaining one of fine hair. The reasons for holding kemp in 
the modern fleece to be a remnant of the primitive outer hair follow: (1) 
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There is a great structural similarity between kemp and primitive hair. 
(2) Sheep can be found whose fleece represents an intermediate condition 
between the two coats of a primitive sheep and a kempy sheep. (3) In 
many primitive varieties the outer coat is pigmented, the inner one white. 
Exactly the same situation occurs in many kempy fleeces, the wool being 
pure white, the kemps red, yellow, brown, or black. (4) The experiments 
conducted by Duerden on pure-strain merinos, where the birth coat of the 
lamb (entire body, head, limbs and sides) is provided with long, straight, 
kempy hairs; a striking confirmation that the merino’s ancestors were two- 
coated. 

‘*Thus it would seem on the whole that kemp, notwithstanding the 
popular ideas of its dead, non-cellular, or malformation properties, is, in 
the main, a retention of an ancestral hereditary character not yet entirely 
eliminated by breeding but much more intensely influenced by this than by 
any environmental factor.’’ 

It was brought out in the discussion that followed the reading of this 
statement that the work on kemp was merely incidental to Mr. Osborne’s 
larger study, and that kemp came into the picture because it was found 
that it was better adapted than normal wool for developing the technique 
of sectioning. Further study of kemp has been discontinued by this 
Foundation fellow, therefore there is no definite knowledge as to the rela- 
tive heat conductivity of kemp and other textile fibres, nor as to whether 
the fact that kemp absorbs dyes better than normal wool may be utilized 
in some manner to eliminate the damage caused by the presence of kemp 
in piece-dyed worsteds and woolens, when kemp is not intentionally used for 
decorative effects. 

It was the opinion of several who took part in this discussion that a 
further study of kemp could be of no practical value, because it is a fibre 
that all worsted and most woolen manufacturers don’t want in their fabrics. 
It was admitted, however, that as a purely fundamental study it might 
result in some new knowledge of real value. 


Additional Discussion 


Mr. Davin C. Scorr: The machine manufacturer and the instrument 
manufacturer seem to be getting panned at this meeting to speak in plain 
English. I happen to have put in my lifetime on that end of the work, and 
I would like to leave a thought with you. (I think Mr. Freedman men- 
tioned it in his paper on abrasion.) There is a certain cooperation that 
the instrument maker can give on textile research or any other research, 
for that matter. Oftentimes in the archives of an instrument shop are 
records of machines which have been built for special purposes, perhaps 
for other industries, that are directly applicable to the problems that you 
have on hand. 

I would like to suggest that the scientists who are at work on these 
problems be a little more open, not be afraid to ask for advice, and, when 
they are asking for it, not to make it a formal inquiry for price and de- 
livery of an apparatus, but try to tell what they are going to do and what 
they want to reach. I think you can help yourselves considerably. 

CHAIRMAN BusH: That is very nice, Mr. Scott. I think that point of 
view is one that ought to be thoroughly appreciated. 
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Mr. JosepH F. X. Haroup: Mr. Chairman, I would like to advise the 
Institute, if I may, to steer clear in its future research work of what might 
be called the purely thesis type of research. No research can be too 
scientific. No research can be too fundamental, but there is a lot of re- 
search of the thesis type, which is usually presented by the student for his 
master of science or his Ph.D. degree, which is nothing more nor less than 
a sort of scientific gymnastics, that never has and never hopes to have any 
application to the problems of life. 

It is assigned to the student chiefly to develop his facility in tech- 
nique, his powers of observation, his accuracy of recording and his logi- 
cal summation of the results of what he does. I am afraid there is ereep- 
ing into a great deal of our textile work (it may be work that is fathered 
by the Institute of Research) the purely thesis type. It is something that 
we borrowed from Germany. I think that is one of the things that we 
might well have left on the other side. There is plenty of work to be done. 
As far as the chemist contacting the textile situation is concerned, in a 
scientific way, we haven’t begun to commence. Our chemists have told us 
what we can do with almost everything else, but the textile fibre he knows 
little of, and it has been a long and a troublesome period even when he did 
try. It was thirty-five years between Mercer and mercerization. Mercer 
never reached mercerization. It was thirty years between the viscosity of 
the test tube and the successful viscose of the factory. Now have we time 
for this thumb-twiddling thesis-type of research in the face of these urgent 
needs? 

Mr. Siebert of the duPont organization at our last A. A. T. C. C. 
meeting, presented a wonderful piece of research on the rate of absorp- 
tion of substantive dyes on cotton and rayon on the basis of a study of 
eight-thousand different dyeings. That is the type of practical work that 
needs doing. And we need to do it here more than in any other country, 
after the inspiring words of our President, who perhaps may be described 
as the most active catalyst in the American chemical industry. (Laughter.) 
He not only inspired us, but I think he has taught us our own strength for 
the first time, and the fact that we can get along without the leading 
strings of Europe. (Applause.) 

There being no other discussion the meeting adjourned after passing 
a rising vote of thanks to Chairman Bush for ‘‘the very able and most 
amiable way in which he conducted the symposium,’’ and to the members 
of the program committee for their excellent work, this action having been 
moved by Mr. Freedman and seconded by Dr. Harold. 








Micro-Analysis of Textile Fibres 


Part I.—Techniques: Sectioning, Dissecting, 
Swelling, Compressing and Casting 


By G. GORDON OSBORNE * 


Introduction 


O date the existing techniques for the handling and manipu- 
: lation of textile fibres have not been entirely satisfactory 
and in some cases certain methods have been completely lack- 
ing. Those methods that are in use are probably better adapted 
and more suitable for routine investigation or mill practice 
than for scientific research. This is to be expected as there 
has not been a detailed, thorough study of techniques conducted 
along research lines for textile materials. The general tech- 
niques in vogue are reviewed somewhat in the discussion sec- 
tion of this report and are most completely covered by refer- 
ences (2) and (4) in the bibliography. 

The object of this paper is to present in some detail the 
complete set of techniques used in this research. Some are 
modifications or improvements of existing methods while others 
are new; all, however, aim to improve the precision, and speed 
the means of aequiring fundamental scientific data in this field. 
They are presented here with no mention of the findings they 
have enabled, other than to note that this study has allowed 
complete sets of serial sections of single cells to be made. 
These and additional applications will be discussed in a later 
set of papers, with references back to the present article. 


Summary 


1. The preparation of delicate mounts, such as single fibres 
or filaments, by the slide method has proven to be the most sat- 
* Mr. Osborne is a Senior Fellow of The Textile Foundation and works 


under the direction of Prof. E. R. Schwarz, Massachusetts Institute of 
Technology. 
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isfactory. If the specimen is of a soft nature, such as rayon 
or wool, paraffin alone is recommended. If the specimen is 
hard and brittle, like cotton or flax, an extra process to coat the 
mount with celluloid is advised. 

2. For bulkier mounts of soft nature a straight paraffin 
candle can be used. If the fibre is hard and brittle the same 
procedure is recommended as for single fibres. While, if the 
fibre lies between these two extremes, a collodion or celluloid 
core is desirable before building-up with paraffin. 

3. A method has been devised for the isolation of single bast 
fibre cells. Subsequent treatment enables their spiro-fibrillae 
nature to be studied. 

4. The use of a moulding medium to form casts offers a 
means of differentiating external from internal detail and for 
studying surface structures. 


Sectioning 


its component sections. In this way each step or process becomes a 

problem in itself, to be regarded as such. Thus, these parts, which are 
very different, may be improved and perfected as units, and the tendency 
to regard one as more or less important than another is diminished. All 
are, therefore, given equal treatment and an advance in any means a 
superior finished result. The following divisions were made: 


[ order to make the study comprehensive the first part was divided into 


Embedding mediums 
Mounting and conditioning 
Cross-sectioning 

Tilted sectioning 
Longitudinal split sectioning 
Serial sectioning 

Fixatives 


These divisions follow each other in logical order, but a mastery of 
the first three is required before the others can be undertaken. If fail- 
ure at any point is encountered, work must be done further back along 
the line. This would consist of such experiments as dehydrating, fixing, 
and infiltration. However, it is desirable to eliminate as many of these 
time-consuming processes as possible. Later, if advisable, some of them 
may be tried as possible refinements to the basic technique. 

Early experiments soon showed that there could be no one standard 
method for all textile fibres. The size of the mount and the nature of the 
fibres themselves determine the treatment to be given, which, in many 
eases, is very different. The following mediums, alone and in combina- 
tion, have been tested, but only those giving satisfactory results will be 
reported upon: 1, paraffin; 2, parlodion; 3, gum arabic; 4, collodion, and 
5, celluloid in acetone. 
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Embedding Mediums 


1. For the straight paraffin candle, a beaker of paraffin containing 
approximately 1/2% bayberry wax was melted in the water bath. The tem- 
perature of the paraffin was kept slightly above the melting point. The fibre 
or fibres, held in the points of a pair of tweezers, were lowered into the 
melted paraffin and moved about below the surface of the liquid for 
several seconds so that penetration to all parts could take place. The 
specimen was then removed and quickly plunged into a beaker of iced 
water, the sudden chilling causing the paraffin to harden tightly about the 
fibre in a close fitting sheath. The specimen was then lowered again into 
the paraffin, but this time for only a quick dip, as the first coat of paraffin 
must not be melted; the idea being to build up successive layers or coats, 
until the desired diameter of candle (approx. 1/4 inch) is reached. After 
each dip the forming candle is plunged into ice water, but by far the 
most important part of the procedure is the first submersion into the 
paraffin and the first ice water plunge. If care and time are not taken 
here, the rest of the work, no matter how excellent, is wasted. When 
the specimen is first lowered into the melted paraffin it should be allowed 
1o absorb and collect as much of this medium as will form a smooth, thin, 
even coating. This coating must grip the specimen tightly and be in 
direct contact with it in all places. Any defect, such as an air, gas, or 
water bubble between the specimen and the paraffin, will allow the fibre 
to bend away from the microtome knife and result in a missed, partially 
cut, or untruly cut section. 

The first chilling is as important as is the first paraffin dip; this 
chilling causes the paraffin to coat the fibre tightly. The paraffin and iced 
water beakers should be close together so that the specimen will be in the 
air as short a time as possible. If the specimen cannot be thrust below 
the water without bending—due to surface tension—it should be allowed 
to lie on the surface, first on one side, then on the other, until thoroughly 
chilled. The time for the first few water dips should be longer than for 
subsequent ones, when only the body of the candle is being built up. The 
paraffin should go on as smoothly and evenly as possible; if it builds up 
in bead or irregular formation the results are usually poor. After the 
desired diameter is reached the candle is allowed to float on the water 
for several minutes to insure thorough hardening. Care should be exer- 
cised in removing the candle from the tweezers to see that the specimen, 
which now forms the core, is not disturbed. Both the paraffin and water 
should be kept at such a height that the specimen, when immersed, will 
not touch the bottom and become bent. 

To prevent the formation of water pockets—which are a serious 
defect—the candle should be gently wiped dry with soft lens paper each 
time it is removed from the water bath, and before re-inserting into the 
paraffin; or it may be dipped into alcohol and the excess allowed to 
evaporate. The former is to be preferred. 

This method was found to work most satisfactorily on heavy, bulky 
fibre mounts. Here there was enough surface exposed to the paraffin to 
catch and hold a smooth, firm coating. For fine, smooth specimens and 
single fibres and filaments it was extremely difficult to secure the first 
coating of paraffin. Also the control and manipulation of short fibres 
by this method is troublesome 
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2. The use of parlodion, collodion, or celluloid for coating the speci- 
men, which would be embedded in a paraffin candle, was recommended on 
the grounds that they would give a firm, thin, and even coating to the 
fibre, lending it needed support and stiffening during sectioning, without 
interfering with its cutting properties or microscopic appearence. These 
mediums are prepared as viscous liquids, and into this solution the specimen 
is lowered and moved about. It is then removed, and allowed to drain 
directly or by drawing it over the side of the beaker. Two or three dips 
are generally sufficient to coat the fibre with a smooth, thin film. After 
the last dip the fibre is allowed to dry in the air for a minute or so. Care 
should be taken to see that the medium goes on evenly; there should be 
no bead or irregular formation as this will not harden completely and 
will allow the fibre to move during cutting. Furthermore, after the last 
dip, the fibre, if bent, should be straightened and kept in this position 
while the medium dries partially. A fairly short time is sufficient for 
the outside of the film to stiffen, and, after this, the specimen is ready 
for the paraffin immersion. (Tests were made when the specimen was 
immersed and left to dry completely, but this was found unsatisfactory, 
for, besides the required extra time of three or four hours, unless the 
fibres are carefully held under tension they shrink and twist out of all 
workable lines). 

The paraffin treatment was performed in the same manner as for the 
straight paraffin candle, but with the extra coating, even on single cotton 
fibres, the paraffin went on much more easily and smoothly. Once again 
it is necessary to call attention to the fact that care is essential in the 
first treatment of the specimen in any of the three steps, and, unless the 
sample is very limited, it is better practice to reject specimens that do 
not form correctly during treatment than to carry them to conclusion in 
the hope of good results. In many cases it was found profitable to select 
a specimen of greater length than desired, and, after the core-forming dip 
and/or the first treatment in paraffin, to razor-trim the excess length at 
the end of the sample; this part being the most ragged, uneven, and least 
suited for the microtome. 

Results by this method were good. If the media are properly ap- 
plied (smooth, even, and tight) the resulting sections are clean and well 
defined. There is a tendency, however, for the core coatings to prevent 
any spreading of the individual fibre cross-sections on the slide—holding 
them in a tight compressed bundle which prevents a close, detailed micro- 
scopical inspection. Should a film or shaving from this coating obscure, 
or cover, the sections, the use of a cover glass and balsam will cause its 
disappearance. 

Perhaps the greatest obstacle encountered in preparing fibres for 
microtome sectioning is the difficulty of surrounding fine specimens with 
an embedding medium. This is particularly true for single fibres or fila- 
ments, which are very light and flexible. Their control and handling are 
extremely hard. To build straight, firm candles from one cotton fibre or 
rayon filament is almost impossible. Such resistance to the ordinary 
candle-building technique is due to the following reasons: The surface 
tension of the liquids employed is sufficient to resist single fibre penetra- 
tion. However, if successful immersion is accomplished, on withdrawal, 
the surface of the specimen is so small as to offer no grip to the embed- 
ding medium, and the sample is removed as bare and clean as before 
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submersion. Furthermore, capillary action has no chance to come into 
affect, as it can in multi-fibre mounts. 

A new method which has given excellent results, not only for single 
fibre, but for all types of mount, employs the idea of laying down on a 
glass slide the material which will directly surround the fibre core, and 
using this as a basis for the candle. A clean slide is taken, and on this is 
painted a two-layer coating of liquid paraffin containing 1/2% bayberry 
wax. This coating is approximately 1/32 inch x 1/2 inch x slightly less 
than the length of the sample, and is centered on the slide with its ends 
trimmed square. On this layer the specimen is arranged. It is held 
straight and taut by means of Scotch tape, or some other adhesive not 
affected by liquid paraffin. When the specimen is suitably arranged and 
securely held, a similar coating of paraffin is painted over it; this coating 
is approximately 1/32 inch thick also. These layers of paraffin, painted on 
with a brush, cool almost instantaneously. As soon as this cooling takes 
place the sides of the paraffin strip are trimmed and the form of the mount 
is now that of a thick, narrow ribbon, approximately 1/16 inch thick by 1/4 
inch wide. The slide is now heated, and melting of the paraffin takes 
place. This melting should start in the center of the slide and be only 
just sufficient to liquify the wax along the line of the embedded fibres. 
As soon as the paraffin is liquid and it is seen that the specimen is as 
arranged, the paraffin is cooled; first, by pressing the bottom of the slide 
under the fibre upon a cool, wet rag; and then, as soon as solidification 
is evident, by plunging in ice water. The paraffin should now be in com- 
plete and tight contact with the fibre, and of approximately the same 
thickness as before. This thickness is important, and can be maintained 
if the slide is held level when the wax is liquid. Without sufficient thick- 
ness the fibres are not tightly covered and are extremly difficult to re- 
move. 

After drying the slide, the sides of the mount are again trimmed and 
the ends and Scotch tape cut off. The slide is then very gently heated, 
and, with a hot razor (part cutting, part peeling) the narrow paraffin 
ribbon is removed from the slide without damage. Fig. 1 shows the three 
main steps in this process. 

The mount is now ready for the usual paraffin candle building treat- 
ment. However, an added insurance on a tightly fitting paraffin coat can 
be made by having the paraffin on the first dip at a slightly higher tem- 
perature than usual, and by allowing the ribbon to remain in this hotter 
liquid until it is seen that its edges are beginning to disappear. It is 
then removed and plunged into ice water, subsequent treatment being 
similar to the straight paraffin technique. 

This method is simple in operation. There is only one embedding 
medium used, and the extra time taken to prepare the ribbon is not great. 
Furthermore, results from it are excellent, and there is no difficulty in 
building a candle by this method on the finest or most slippery sample. 
An additional step is required, however, before its full efficiency is real- 
ized with most vegetable fibres. This extra step consists of using another 
medium besides paraffin so that the specimen will be gripped more se- 
eurely and offer more resistance to the microtome cutting stroke, thus 
preventing a shattering of the fibre into minute fragments and the for- 
mation of many angular and untrue sections. 

Collodion was first used for this purpose and produced fair sections; 
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however, celluloid, dissolved in acetone, gives even better results, as it 
possesses advantages in regard to cutting, less brittleness, even harden- 
ing, and fibre gripping power. It is prepared in the following manner: 
Sheet celluloid is cut into strips and dissolved in commercial acetone, the 
solution being fairly dilute. Into this the previously stained fibre is placed 
and allowed to soak for a period ranging from 1 to 10 hours. If, as in 
Manila hemp, the fibre specimens are dense and closely compact, the 
soaking is not necessary and can be omitted. During the soaking the 


Fig. 1. Slide-Paraffin Method for Soft Fibre Mounts. 


acetate is allowed to evaporate until the solution becomes thick and rather 
viscous. 

On removal, the specimens are mounted on slides in the usual man- 
ner, but, to insure a perfect surrounding by the embedding medium, espe- 
cially along the underside of the fibre, paper shims (see Fig. 2) are in- 
troduced beneath the fibre where it is held in contact with the slide. Then, 
a thick narrow ribbon of the solution is flowed over the entire length of 
the mount, and the latter is placed in a desiccator to slowly harden. This 
desiccator is required for, if the mount is exposed directly in the at- 
mosphere of the room, a hard surface skin and a lumpy and bubble-filled 
interior develops; while, if the humidity is high, the medium is so badly 
discolored as to become opaque. These air-bubbles and uneven harden- 
ing are the chief cause of faulty results; these may be minimized, or en- 
tirely eliminated, if a small beaker containing equal parts of ether and 
alcohol is placed in the desiccator shortly before the entrance of the slide. 

When the celluloid is almost completely hardened, the entire slide is 
removed from the desiccator and placed under a high-powered, stereoscopic, 
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binocular microscope. The easily visible specimen is then separated from 
the ribbon of celluloid by cutting along the length of each side of the 
fibre with a sharp scalpel. The incision must be as close as possible to 
the specimen, for if too much of the embedding medium surrounds the 
fibre the excessive resistance to the microtome-cut will cause broken sec- 
tions. On completion, the embedding medium should form an almost 
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Fig. 2. Slide Method Using Celluloid for Hard Fibre Mounts. 


uniformly smooth ring around the fibre, approximately 1 mm. thick. At 
this stage the specimen could be dipped directly in paraffin. However, 
due to its slippery surface and tendency to curl or bend, it is better to 
follow the technique outlined previously, and, regarding the specimen as 
it now is (as the raw sample) use the slide and straight paraffin method. 
The main steps are shown in Fig. 2. 
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Mounting 


When the candle is removed from its final cooling it is ready for 
mounting. First, however, it is advisable to trim the two ends; the top 
is ragged where the forceps have held it during dipping and should be 
cut smooth and square. The bottom is large and bulbous where extra 
paraffin has collected, but covers no part of the fibre specimen. When 
trimmed the candle should be about 11/2 inches in length, approximately 
1/4 inch in diameter, and even throughout its length except at the bot- 
tom, which tends to enlarge. 

The metal holder which will carry the candle is filled with liquid par- 
affin. When this begins to solidify the candle is forced down into it, the 
slightly bulbous end first. This helps to anchor the candle in the holder. 
As soon as the paraffin has set, a little more liquid is poured around the 
candle to further reinforce it. Any excess can be trimmed away when 
the entire mount is cool. 


Conditioning 


After the candle is mounted in the metal holder it is ready for the 
microtome. However, a most important conditioning is necessary before 
actual sectioning begins. This consists of, first, allowing the paraffin to 
completely solidify and the entire mount to become firm and hard, and, 
second, to have the candle exposed to a temperature of approximately 
80° F., so that it will be in the best possible condition for cutting. Both 
these objects are accomplished at the same time, and, when allowed to 
proceed at usual room conditions, take three to four hours as a minimum. 
The temperature of 80° F. was found to give the best results for candles 
composed of M.P. 56°-58° C. paraffin and 1/2% bayberry; at lower tem- 
peratures the paraffin is too brittle, while at higher temperatures it is too 
plastic. It was also found helpful to have a small electric lamp, or heat 
source, near the blade of the microtome in order to keep that, as well as 
the candle, at the optimum temperature. 

If the paraffin is too hard the sections will curl, and the paraffin 
must be warmed, or the sections made thinner, in order to make a good 
ribbon. If the paraffin is too soft, the sections tend to crumble, and the 
paraffin must be cooled or the sections made thicker. 

Even more important for the acquiring of good sections in ribbon 
form, is the condition of the cutting member. In this case it is a common 
safety-razor blade of the wafer variety. Above all, it must be sharp; 
so sharp, in fact, that for satisfactory work it must be handled with the 
greatest care, inspected constantly for wire-edge and other imperfec- 
tions, and changed frequently. The angle of the blade and holder, and 
the blade projection, are important also, but only of minor consideration 
as compared to keenness. The angle should be slightly off the vertical, 
the inclination being towards the candle at the top of the blade; while 
experimentation appears to give the best blade projection at a setting 
which just allows the bevel part of the cutting edge to be outside the 
holder-clamp. The blade and holder should be wiped off after each candle 
with an alcohol-soaked, soft paper cleaner. 
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Cross Sectioning 


After the candle is mounted and placed in the microtome, it is 
trimmed. The exposed end is cut square, parallel with the knife edge, 
so that the first sections made will be equally thick. Each side of the 
candle is then cut back in pyramidal form so as to leave the truncated 
end a rectangle. (See Fig. 3.) If the sides (a) and (b) are not parallel 
with the cutting edge, the ribbon of sections will not be straight, but will 
curve away from the longer of the two sides (c) or (d). The fibre core 


Fig. 3. Cross-Sectioning Mounts, 


should be at the bottom of this rectangle, as the cutting stroke is down- 
wards. Thus there is little-embedding medium to pass through before 
the blade reaches the fibre, while the extra medium above stiffens and 
supports the fibres against the force of the blow. The width of the ree- 
tangle is as narrow as possible so as to reduce the amount of material 
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to be eut for each section, but must be sufficient to form a workable rib- 
bon and to adequately support the fibre. The entire purpose of this candle 
trimming is to eliminate unnecessary material, and to have what is left 
placed so as to give maximum assistance to the specimen in preventing 
it from moving from the impact of the cutting stroke and producing 
faulty sections. The candle must be trimmed, after a certain amount of 
sectioning has taken place, to bring it back to optimum dimensions. The 
candle should project from the holder approximately one inch. When 
starting a ribbon it is advisable to guide it down close to the blade-holder 
by means of a needle. This also prevents fine ribbons from snarling and 
twisting while being cut. When the desired length is obtained, the ribbon 
is removed and placed on the slide with the aid of the needle and fine, 
eurved-pointed tweezers. 


Tilted Sections 


In the preparation of tilted sections the technique is the same as for reg- 
ular right-angle sections, except for the method of mounting the candle in the 
holder. Here the holder is filled with paraffin flush to the top. When this 
begins to ‘‘skin-over,’’ the base of a candle is inserted and pushed just 
below the surface. The candle is now at an angle with both the vertical 
and horizontal planes of the holder. The smaller the angle (AzH) the 
more oblique the cut and the greater the tilt of the resulting sections. 
A minute or so after placing the candle in position, the surface (s—s), on 
all sides of the candle, is built up by pouring on additional paraffin which 
reinforces the mount (Fig. 3). The extra paraffin can be trimmed away 
from the candle base after cooling. Here the angle of tilt is limited 
by the diameter of the hole (d). If a greater tilt is desired, the mount 
is made as follows: The top of the holder is surrounded by Scotch tape, 
and the whole filled with paraffin. Into this the candle is placed, and, 
if necessary, additional paraffin is poured on. The mount is allowed to 
cool and then is cut down in pyramidal form as shown. Care must be 
taken to trim the end of the candle (ce) at right angles to the cutting 
edge, not to the embedded specimen, and to see that the length of the 
candle (ZL) is less than the microtome stroke. Squaring the end of the 
candle for straight ribbons also requires care. 

Good results were obtained by this technique on most fibres, partic- 
ularly rayon and wool. With cotton, however, the results were unsatis- 
factory. The tough, wiry nature of the fibre prevents a smooth, even 
section being cut, but gives fragments or chips of sections which are ex- 
tremely difficult to interpret. Moreover, even with rayon there are sec- 
tions hard to understand. Such an illustration is shown in Fig. 4, where 
a tilted section of Amoskeag rayon appears as a cone or elliptical pyra- 
mid with its apex cut off parallel with the base. Further careful exami- 
nation, in which change in the direction and intensity of the illumination 
and the focus play important parts, reveals Dia. 1 to be false, and the 
real condition to be as shown in Dia. 2. 

If, when raising or lowering the focus,.both sides, (A) and (B), of 
the cross-sectional cut, had been at the same level, equally clear and well 
defined, and the base outline (ALBR) had been definite and clear, as well 
as the top outline (dycx), then there would have been strong evidence to 
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support the ‘‘pyramid’’ form of appearance. As it is, however, the true 
picture is as illustrated in Dia. 2, and this, together with the fact that 
changing the direction and intensity of the light will not appreciably dis- 
tort Dia. 2, nor in any way change the relative positions of its several 
areas, while in Dia. 1 relative changes are noted, leaves little doubt but 
that Dia. 2 (a tilted cylindrical form) is correct. A further explanation 
of this follows: 


Fig. 4, Tilted Section of Rayon. 


Focusing down will cause the pyramid appearance to disappear. At 
first (4) in Dia. 1 was more clear cut and definite than (B), with the 
top cut (dycx) the brightest portion of the section. Changing the focus 
upward (Dia. 2) causes (A) to blur and dim while (B) becomes very 
distinct; (x'c'y’) is clear; (a2’d’y') becomes faint. The are of the outline 
(L'B’R’) becomes most marked. Thus, in Dia. 1 the cross-sectional area 
falsely appears to be (adyc), with sloping walls leading up to it from all 
sides. In Dia. 2 the cross-sectional area is (c’2’B’y’). Area (2’B’y’d’) is 
part of this cross-sectional area. The difference in shadow is due to the 
effect of the underside of the tilted wall opposite (S). Line (2’d’y’) 
really outlines one-half of the cross-sectional area which is at the bottom 
in contact with the slide. 

The true diameter and angle of tilt can be calculated for such sec- 
tions. However, one assumption must be made: that the actual length 
of the specimen is equal to the microtome setting. The apparent length 
is measured by the camera-lucida. The cosine of the angle of tilt (with 
the horizontal) is therefore the apparent length divided by the actual 
length. 


1 (apparent) 


Cos Z T = ——__—— 
1 (actual) 

To find the true diameter, the length of the elliptical face of the cut 
surface is measured directly, and, thus, as a distance in microns, is multi- 
plied by the cosine that the angle of tilt makes with the vertical; or the 
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true diameter equals the sine of the angle of tilt with the horizontal times 
the length in microns of the elliptical face. 


D: = sin £ (T) (L). 


Figures 4 and 5 illustrate other tilted sections. 

Dia. 4 (Fig. 5) illustrates cross sections of celanese which are not 
tilted due to the method of cutting, but to subsequent treatment. The 
preparation, mounting, and cutting are identical to that for regular right- 
angle, cross-sections. Also the preparation of the slide and its subse- 
quent treatment are the same with one additional step. This consists of 
dissolving the paraffin in ribbon form by means of some solvent (benzol) 
before heating the slide to coagulate the fixative. Therefore, after the 
ribbons are arranged on the slide, a few drops of benzol are allowed to 


Viscose 


Fig. 5. Tilted Cross-Sections, 
‘ 
flow on the paraffin from a pipette until all of it is in solution. While 
the paraffin is in solution, the specimens, with nothing to hold or sup- 
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port them, tend to leave their vertical positions and to assume a variety 
of others, ranging from the vertical to the completely horizontal. The 
greater the disturbance given to the slide after dissolving the paraffin, 
the greater the change from the vertical that the specimens assume. Be- 
fore heating the slide, to coagulate the fixative and thus secure the speci- 
mens in their new positions, the solvent is gently evaporated. The slide is 
then heated; care being taken to prevent a flame from igniting the sur- 
face carrying the sections. Washing and rinsing in benzol follow and 
the slide is ready to be viewed under the microscope. 

This method does not give a tilt to every specimen; such specimens are 
at random for the method and its control is not positive. Moreover, this 
method does not give results (even if strong agitation is given the sus- 
pended specimens) when the diameter of the fibre is large (carpet wools) ; 
for a large diameter means a large area in contact with the slide; there- 
fore, a firm, solid base, and ability to withstand overturning forces. 


Longitudinal Split Sections 


The following method is one for obtaining longitudinal, split, micro- 
tome sections: A candle containing the fibre or fibres is built up by the 


Fig. 6. Mount for Longitudinal Split Sections. 
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‘*slide paraffin’’ method in the usual manner. Around the upper edge of 


a microtome candle-holder a band of Seotch tape is stuck, about 1/2 inch 
in height. The hole in the holder is left open, and into the hole and the 
well formed by the tape, liquid paraffin is poured. The candle, previ- 
ously prepared and well hardened, preferably still cold to prevent it from 
melting, is cut slightly shorter in length than the diameter of the holder. 
This is inserted into the hot paraffin until it lies flush across the surface 
of the metal, bisecting the hole. It is left in this position until the liquid 
paraffin solidifies completely. Fig. 6 shows this and the following steps. 

When cool, the tape is removed, and the top of the paraffin (x) eut 
off. If the mounting paraffin is of a different shade (greenish, due to 
added copper oxide) than the white candle, the latter can be seen at all 
times. After removing (x), cut the mount as illustrated; the broader 
the base (MN) can be, the more secure is the mount. This is important, 
as the weakness of the mount, coupled with the long cutting stroke, tends 
to cause the sample to move and the sections to be untrue. The sample 
is trimmed in pyramid shape as shown, having the edges slope towards 
the outside of the holder. Again, the closer to the fibre (without touch- 
ing it) that the cut starts, the greater the length (C), the less surface in 
contact with the blade, the smaller the ribbon to be treated and the more 
secure the mount. The surface of the candle is planed down by the 
knife until it is smooth and level, the feed being fairly thick (10 to 20 
microns). Just before the specimen is reached, when there is still a 
paraffin covering of about 15 microns, the feed is made fine (about 5 
microns). In this respect, the finer the section that it is possible to cut, 
the better; for, on a coarse cut, the fibre will not be split by the knife, 
but merely plowed out of the mount. The direction of the knife cut 
should be along the length of the mount and fibre; for, if the full length 
of the fibre meets the knife at once, the sudden contact produces a ragged 
section. 

Good sections were obtained on coarse carpet wools, as per the camera- 
lucida drawings (shown in Fig. 7). It was found of aid to stain the 
wool red before making the sections. The best results were obtained from 
a mount of 4 to 5 fibres, as it appears they support each other when met 
by the knife and so give cleaner, longer, split sections. Single fibre or 
many fibre mounts were not as satisfactory. In the one case the chance 
of a good section is reduced, while in the other, the large bulk of fibres 
prevents an even coat of embedding medium from supporting each indi- 
vidual fibre, and, when the upper surface of the paraffin is planed away, 
the fibres are free to move outward or to compress inward on themselves, 
thus avoiding the cutting edge. 

The two types of longitudinal cuts that are possible by this method 
are illustrated in the drawings. Dia. 1 shows a section sliced from the 
fibre, much in the same way as one cheek is cut from an apple. In this 
case the fibre is bowed out to meet the knife (the natural fibre being left 
as shown at A and B) the cut part being C. Dia. 2 shows a fibre com- 
pletely split: the natural fibre at B; the section at C. 

There is no positive control of the sections in this technique. They 
appear at random on the slide. This is not desirable, for, besides the 
low average of successful mounts obtained, it is often desirable to pre- 
pare a section on some particular fibre at some definite place. Its use is, 
therefore, confined to general non-specific examination and to fibres too 
fine to be treated by hand. 
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A controlled method of split-sectioning giving positive results, but 
requiring a hand technique, is as follows: The fibre to be sectioned is 
placed under the microscope on a contrasting background. If long enough, 
it is held straight and taut between the thumb and index finger of the 
left hand, otherwise it is securely fastened with adhesive tape. A strong 
light plays across the fibre. A razor with wafer-type blade, or a light 
surgeon’s scalpel held in the right hand, is brought into contact with 


Fic. 7. Longitudinally Split Wool Fibres. 


the fibre. The blade is made as parallel with the fibre surface as pos- 
sible, but must have enough tilt to bite into the fibre wall. Using the 
very end of the blade (the end farthest from the right hand) a sliding 
stroke is begun along the fibre surface. When the blade bites, it should 
be so guided that its descent into the fibre is along a very slow incline, 
thus the greatest length of fibre is split before the maximum depth of cut 
is reached. The downward stroke should stop below the centre of the 
fibre, but before the fibre is weakened to the point where ordinary han- 
dling will cause rupture. After the cut turns upward, it should rise in a 
very slow plane, again to give as great a length of exposed inner surface 
as possible. With this type of double-wedge incision a maximum of ex- 
posed, cut away, fibre, showing internal structure at varying depths, is 
given. Several such incisions can be made on one fibre, for the length of 
a split need not exceed several hundred microns; in fact, deep cuts over 
1000 microns long are not very satisfactory, due to the difficulty of hold- 
ing the exposed part upright. The operation is performed best under a 
binocular stereoscopic microscope. 


Serial Sections 


One method which would allow the accurate construction, or drawing, 
of the individual cells which make up bast fibres is by serial sections. 
Briefly, the idea is to cut continuous ribbons of microtome sections from 
one fibre, arrange them in chronological order on glass slides, and, from 
a microscopical inspection of these, taken in consecutive order, note all 
changes as and when they occur, and so obtain a complete picture of the 
external and internal characteristics of cell structure and arrangement. 

Aside from the purely routine difficulties of making complete and 
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accurate sections without miss over a full cell length, others arose, chief 
of which was a means of identifying or orienting each section. That it 
was necessary to have a means of identification, or of making a reference 
mark at the same point in each section, is apparent, when one considers 
that in each section there may be as many as 80 cells, the great majority 
of which are very similar in shape and appearance. Thus, unless the 
same cells can be identified each time, a study of their relative and indi- 
vidual changes is not possible, since there are too many in each section 
and too great chance of spoiling some of them to consider each section a 
unit. 

Three methods for accomplishing this have been tried, although 
neither singly nor in combination are they too satisfactory. The first 
consisted of introducing an extra element (in this case a fine rayon fila- 
ment) into the microtome candle with the fibre to be sectioned. The 
rayon filament is to serve as the mark against the fibre sections. The 
technique involved is as follows: The fibre is mounted on a slide and 
held down by tape in the usual manner. The rayon filament, stained a 
contrasting shade, is introduced above the fibre, aligned parallel to it, and 
secured. Collodion is then flowed over the entire mount and allowed to 
harden. Such a procedure is time-consuming, and, due to the different 
character of the filament and fibre, it is almost impossible to keep them 
in line, the filament stretching considerably and draping down beside the 
fibre before the medium hardens. The second method consists of so 
marking the fibre itself that it will be identifiable when sectioned. This 
was done in two ways; first, by staining the fibre along a narrow strip 
of its length, using a fine-drawn, capillary glass tubing as the applicator 
of the dye; and, second, by wetting with the stain a hard filter paper, 
and pressing upon it the fibre previously mounted on the glass slide. The 
first of these gives a finer, more pronounced stain line, but it is more ir- 
regular in its course along the fibre. Both, however, tend to bleed out 
in the embedding medium and to appear too dimly to be easily recog- 
nised in the sections. The third method, which can always be used in 
conjunction with one of the others, is to so shape the holding medium, 
when cutting it from the slide, that it will serve as the means of refer- 
ence. Thus, one side of the strip can be made broader than the other 
(see Fig. 8). Actually, the many inherent imperfections in the mounting 
medium offer a further similar means of orientation. 

If the length of the cell averages 4 mm. it will be necessary to cut 
about 6 mm. of fibre on the microtome in order to be sure of including 
one full cell from start to finish. If the sections are cut 104 thick, 600 
sections must be made and mounted. With approximately 50 sections 
per ribbon for a 3-inch slide, and 4 ribbons per slide, 3 slides will be re- 
quired. The arrangement is best made as illustrated in Fig. 8. By 
placing the ribbons on the slide in the same order and direction as they 
came from the microtome a chronological arrangement is insured. 

To eliminate the inspection of so many sections a hand microtome 
can be used. Sections 10 thick can be cut, but spaced at any desired 
length along the fibre. Thus a 10, section can be made, the candle ad- 
vanced 904 and another 10y section taken, thus giving sections 100 u 
apart. Due to the large chance of making faulty sections by hand the 
following method was adopted: If 10. sections were desired 1004 apart, 
three 10 sections were first made and arranged on the slide on lines 
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A, B and C, as shown. Then the candle was advanced 70 uw and three more 
10 w sections made and similarly placed on the slide. Thus, each section 
in its respective line is 100” from the preceding one. Also, should the 
section at B-5 be missing, the ones at A—5 and C-5 are close enough to 
serve, and prevent the necessity of doing the entire work over again. 
Furthermore, if quick changes are noticed in a section on line B, lines A 
and C tell the story 10m on either side of this. 
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Fig. 8. Serial Sections. 


By suitable manipulation the rotary microtome can be made to act in 
a manner similar to the method described, and, as this gives more precise 
results, most of the serial sections made followed this idea. 

The method employed to arrange in order the series of cross-sections 
is as follows: Each cell in the first original camera-lucida drawing is let- 
tered, and in every drawing of the series following, the same letter is 
given to its particular cell. In many instances some of the cells can not 
be identified positively, or are entirely missing, and so must be omitted, 
but at the end of a good series there should be several almost complete 
lines of letters. These are then treated as single units and traced in 
order, and in the same relative position, on another piece of paper. Oppo- 
site each of these traced cell outlines the number and micron distance of 
the camera-lucida drawing from which it came is marked. This gives in 
order and step by step the changes that occur throughout the length of a 
single cell. 





Micro-Analysis of Textile Fibres 


Fixatives 


The last sub-division (fixatives) produced results which checked with 
previous experience and theory. Albumen fixative (a mixture of 50% 
glycerine and 50% albumen dissolved in water, plus preservative) was the 
medium employed. This mixture is applied from the glass stopper of 
its bottle on a new, clean slide, freshly rubbed off with ‘‘Bon Ami’’; one 
or two drops in the center of the slide being ample. It is spread over the 
slide with the ball of the little finger. After the first spreading it is well 
to remove excess fixative and re-rub the slide, using smooth, full-length, 
parallel strokes. The fixative should completely cover the surface of the 
slide but in as thin a layer as possible. The ribbon from the microtome 
is then placed on the slide, care being taken to arrange it properly. It is 
advisable to press the ribbon flat with the side of a needle, or tweezers, 
so that as much of it as possible is in direct contact with the glass. This 
pressing should be along the edges of the ribbon and not directly on the 
embedded specimen. 

The main question in this problem was the effect of heat and the 
procedure was laid out as follows: In each test there were six slides which 
were as carefully prepared and as nearly alike as possible. No. 1 slide was 
put directly into a Bunsen-burner flame, coagulation of the fixative and 
melting of the paraffin taking place as rapidly as possible (less than 15 
seconds). No. 2 slide was held above the flame, melting being complete 
in approximately 30 seconds. No. 3 was held still higher above the flame, 
melting taking place in 1 minute. No. 4 was’held above the flame, so 
melting was very slow, taking approximately 2 1/2 minutes. No. 5 was 
placed on the top of a water-bath; melting was extremely gradual, the 
ribbon settling onto the slide long before the paraffin melted along the 
edges; melting was complete in 20 minutes. The last slide, No. 6, was 
placed on a beaker in the water-bath; at the end of the hour the ribbon 
was well settled, the paraffin had changed from a white opaque color to a 
transparent gray, but was not liquid. The slide was, therefore, placed 
in actual contact with the top of the bath, the paraffin liquefying in about 
1 minute. 

This test was performed with two types of specimens: 150 denier 
celanese (26 fil.) and S.A. spring-clip, grease wool (Argentine Rep. B.A. 
36°, carpet stock). Specimens were cut 7 microns, 10 microns, and 15 
microns thick. (No tilted specimens were used.) There was no marked 
difference in the 6 slides; procedure No. 1, however, was rejected as there 
was a strong tendency for the quick heating to melt the paraffin before 
the albumen coagulated, the sections thus being left unsecured to the slide. 
(In one instance practically every section disappeared in the benzol wash 
and rinse.) Also, the boiling, or vigorously disturbed paraffin, upset and 
disarranged the sections. This quick heating gave more scatter, tilting 
and over-topping (one section over another) than the others. Procedures 
Nos. 5 and 6, though giving good results, were discarded, mainly owing to 
the time factor. Of No. 2, No. 3 and No. 4, in most cases No. 2 ap- 
peared slightly superior; there seemed to be less scatter of the sections 
and less tipping. However, the difference between these three is slight and 
the number of tests (3 on each fibre) too few for definite conclusions. 
Further tests were not worth while because of the small difference in time 
between the three methods. (Candles were of paraffin with a parlodion 
core about the fibres.) 
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After heating, the slides were allowed to cool and were then washed 
in benzol until all the paraffin was removed. They were then dried and 
compared under the microscope. 


Apparatus 


Three pieces of apparatus were built and used in connection with the 
microtome in cross-sectioning fibre specimens. The first, a simple slide 
holder (A), shown in Fig. 9, is made of brass and is used to hold the 
slides preparatory to receiving the ribbons of sections. Its position, rela- 


Fic. 9. Microtome ready for use to cut very thin cross-sections of fibre. 


tive to the rest of the apparatus, is seen from the accompanying photo- 
graph. The holder is heavy, in order to keep it steady. It carries three 
slides. These are held out of contact with the base of the holder by 
means of two ridges, to allow for easy removal and replacement. Into 
these ridges brass pins are driven which separate the slides and hold them 
firm. At the end of each slide there is also a pin to prevent shifting and 
end-play. None of these pins project above the surface of the slide so 
as to interfere with the arrangement of the ribbons. 

Also shown in the photograph is a rack (B) for the metal candle 
holders. This is made from a strip of sheet brass, the ends bent over to 
form the upright supports, and the top drilled with holes which just fit 
the body of the holder. This forms a strong, convenient support that 
prevents the mounted candles from damage while they condition or wait 
for sectioning. 

The third unit, a rack to hold the prepared slides during the solvent 
treatment, is shown in Fig. 10. The use of this results in a considerable 
saving in time, for, as is seen, nine slides (S) can be treated at once, in- 
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stead of the usual one. The slides are arranged on two supports (7), and 
are suitably held by brass pins, so that they have a decided pitch. The sol- 
vent is applied directly from its container to the top of the slides. It flows 
over their length, as rain on a roof, and is caught in a pan-tray (P) below, 
from which it goes to a collecting beaker (B) for re-use. After washing and 
rinsing, the slides can be left on this rack to dry, or until wanted for the 
microscope. 

Fig. 13 is an illustration of a rotary manipulator. The construction is 
of brass and consists of a slide 1 inch x 41/4 inches, drilled (ZL) in the 
centre to allow for the passage of transmitted light. To this slide two 
end-blocks (B), 1x 1x 3/8 inch, are screwed. These carry the rotating jaws 
(J) and measuring devices. The jaws are made from small lever-spring- 
clips, filed down to size. They are riveted to the end of small steel shafts, 
2 inches by 1/8 inch. These shafts pass through their respective end-blocks 
and carry a measuring disk (M), and fine and coarse adjustment. The 
measuring disks are divided into 100 parts, and are read against angled 
knives (K) set into the end-blocks, A large knurled-disk (/) serves as 


Fig. 10. Rack to hold prepared slides during solvent treatment. 


a fine adjustment, and a small knurled-knob (C), at the outside end of 
the shaft, as a coarse adjustment. The jaws are movable; they can be 
brought together, or moved away from each other, so as to give a spacing 
of from 1/2 inch to 13/8 inches. This spacing is regulated on the shafts. 
Each shaft, where it passes through its end-block, is grooved; one shaft 
having grooves (G,) wide apart, the other having grooves (G.) close 
together. Into these grooves spring plungers (P) fit. They are located 
in the tops of the end-block, and, after the spacing is set, prevent shifting 
of the shafts and jaws and end play. Spring clips (8) are riveted to the 
slide so that it can be secured to the microscope stage. 
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The fibre is mounted loosely in the jaws, the portion to be inspected 
being approximately in the middle. Tension is applied by first drawing 
out the coarse-grooved shaft, then the fine, until the fibre is straight. 
The specimen can then be inspected completely in any place. Exact ro- 
tation can be given by reading the measuring disks and turning them 


both an equal amount. 
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Fig. 11. Apparatus for Compressing Swollen Fibre Specimens to Show 
Their Fibrillar Structure. 
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Fibre Defined 


It now becomes necessary to differentiate between the commonly ae- 
cepted terminology of mill or commercial usage as applied to ‘‘fibre,’’ 
and that which will be used in this and subsequent reports. In the case 
of cotton there is no chance for confusion; the single fibre or unit, easily 
separable and distinguishable, is also the single cell. In bast fibres, how- 


Fig. 12. Micro-Compressor. 
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ever, the mill term ‘‘fibre’’ refers to a single strand or lock of single 
cells. This acts as one unit, and, being fine in itself, and not being in- 
tentionally further divided in subsequent manufacturing operations, it is 
considered as the single and final unit. In reality, this lock or single- 
strand of fibre is composed of many actual single fibres or cells, which, 


Fig. 13. Rotary Fibre Manipulator. 


depending on specie, range in number from as few as 4 or 5 to as many 
as 80 or 100. It is with these true single fibres or ‘‘cells’’ that the first 
two techniques described next will be primarily concerned. 


Single Cell Dissection 


If dissection procedure is attempted while the fibre is in a dry state 
the results are most unsatisfactory. In this condition, to isolate one cell 
from its neighbors is painstaking work, and, when secured, it is impossible 
to remove it whole. In every case the tips of the cell will be broken off, 
remaining in the fibre bundle, while the cell body tends to be ruptured or 
otherwise damaged. 

To overcome this, the first step was to allow the fiber to soak overnight 
in 10% NaOH. Although a mercerizing action with consequent swelling 
was known to take place, this seemed to be the surest manner of obtaining 
single fibre cells. After soaking, the fibre was placed on a slide, floated 
and kept constantly surrounded with the same liquid, and dissected. Dis- 
section consisted of dividing the fibre again and again along its length 
by means of two fine needles until a single cell was visible and could be 
separately teased away from the rest; the entire work being carried out 
under a high-powered binocular, stereoscopic microscope. 

When a single cell was thus secured it was removed from the NaOH 
solution, and transferred to a clean water droplet on another slide. After 
sufficient cells had been obtained on the new slide and suitably arranged, 
evaporation followed and the dry cells were balsam-mounted. Inspection 
in detail was then performed with a polarizing microscope. 

If water is substituted for NaOH, and the time of soaking slightly 
increased, the same results can be as easily obtained, but without the dis- 
advantage of the mercerization effects and the inconvenience of NaOH 
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erystal formation. Furthermore, a quicker, more effective method of sep- 
arating the cells can be employed. This consists of covering one end of 
the fibre group to be dissected with a thick cover glass. By squeezing, 
rubbing and tapping this glass with the end of a scalpel, or some other 
similar instrument, the fibre loses its firm circular contour and the ends 
of the cells take on a fan-shaped arrangement, nearly all of them coming 
into the same plane and lying close against the glass slide. The cover 
glass is removed and the fibre bundle opened up and spread apart along 
a portion of its length by means of the needle and tweezers. Now, by 
fixing the undivided end of the fibre. bundle securely to the slide, the 
semi-loosened cells can be easily and completely separated from the opened 
end of the specimen. This is accomplished by brushing the cells with 
short, gentle strokes of the needle, and using fine tweezers to make the 
final removal. The cells thus obtained will be found to be in excellent 
condition and complete from tip to tip. If they are allowed to remain 
floating about in the media of the dissecting mount, there is a tendency 
for the formation of loose mats or piles and consequent snarling of the 
cells. It is better to remove them in small quantities immediately they 
become free, arrange them in a clean mounting media on a new slide, 
and, after evaporation, make a permanent mount. The fan-shaped end 
from which the cells were removed is also well worth mounting, as, from 
it, considerable information as to the relative arrangement and position 
of the cells can be obtained. 

For the success of this technique too much emphasis cannot be placed 
upon having the fibre and cells under dissection always surrounded by 
water, and upon a sufficient time, at least 12 hours, of previous soaking. 


Spiral Structure 


Single cell dissection is the first step necessary in order to study the 
spiral structure and fibrillae nature of textile fibres. The first proce- 
dure followed is exactly as just outlined. As soon as several single cells 
have been secured and isolated the mounting water is removed and the 
cells treated with a 10% solution of NaOH. After 10 to 30 minutes, 
depending on the type of cell, this is rinsed off. A mercerization action 
has taken place and the cells now are swollen considerably and in a soft, 
semi-pulpy condition. The specimens are thoroughly rinsed and re- 
mounted in water. On remounting, the cells must be arranged so as to 
give a good many crossings over each other. If there are three cells, the 
best arrangement seems to be in the form of an equilateral triangle with 
overshot ends. A thick cover glass is placed over the arranged cells and 
direct pressure brought to bear on it, thus flattening the swollen cells, 
especially on their mutual crossings. A continuance of this pressure, to- 
gether with a rotary sliding movement and an intermittent jarring or 
tapping on the cover slip directly above the specimen, will cause it to en- 
large in width to as much as 15 or 20 times its original diameter. This 
is accompanied by a dividing or splitting up of the swollen cell body so 
as to reveal its submicroscopic detail; normally invisible. 

The amount of cell division and disintegration can be governed by 
controlling the amount of pressure and agitation on the cover slip, and, 
as all this manipulation is carried on under a high-powered, binocular- 
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stereoscopic microscope, indicated changes in the specimen can be fol- 
lowed and stopped when desired. When this degree of disintegration has 
been reached a detailed examination of the specimen can be made with a 
polarizing microscope, the compression in the specimen being maintained 
by the device described in the next section, which also allows for small 
adjustments in pressure. 

The treatment described above is satisfactory for the observation of 
general reactions, but for a detailed investigation an improvement was 
sought.* A reference was found (3) recommending soaking in a strong 
solution of calcium chloride stained with iodine, but this gave but ap- 
proximately the same results as before, except on ramie, which appears to 
be the most reactive fibre to any treatment of this type. The method 
finally discovered, and one which gives really excellent results, consists of 
first soaking the specimen in water before the caustic treatment. A clear 
specimen of cell structure will not result, however, unless the NaOH im- 
mediately follows the water immersion. Cells soaked and allowed to dry 
and then treated with NaOH, failed, or only partially showed their intimate 
structural detail. The optimum conditions in this type of bast fibre work 
appear to be approximately 12 hours of water soaking, followed by a 15- 
minute immersion in 10% NaOH. 

A sentence might well be appended here stating that, after swelling 
and compression, the cell is so thin, due to flattening action, that it is 
almost impossible to adjust the focus to different points in its body. 
Therefore, in most instances, the focus includes both top and bottom sur- 
faces of the specimen. 


Apparatus 


A piece of apparatus that has been especially designed and made for 
the purpose of compressing swollen textile fibre specimens, in order to show 
their fibrillar structure, is illustrated in Fig. 11 and in the accompanying 
photograph, Fig. 12. This device is made entirely of brass and is designed 
to fit over single high-powered B. & L. objectives. In Fig. 11 the objective 
is represented at (1). Over it, in an accurate fit, slips a fixed ring and 
cylinder, as shown in (2), which is so constructed that part (a) covers part 
(A) of the objective, while (b) fits (B). Both sections bear against their 
respective shoulders on (0). (F) is fixed to (O) by a clamping arrange- 
ment carried in part (a). This consists of a recess cut in the inside of (a), 
in which there are two sections of a ring (on the same principle as a 
piston and rings). These segments are free to move in and out, being lim- 
ited solely by the small screws (V,) and (V,) which are firmly attached to 
them but not to (a). When (F) is in position, tightening the four set- 
serews (S) firmly clamps this piece to the objective. The movable ring 
(M) fits over (F) through screw contact, and inside of (#) and the out- 
side of (M) being similarly threaded. Around the center of (F) is a 
raised knurled-ring to facilitate manipulation. The plate (P) in (4) con- 
tacts the top of the cover glass at (x) and earries the shaped-edge (R) 
of the movable-ring in its upper grooved-surface. The central hole (C) 
is bevelled to allow the front lens of (0) to come level with (x). This 
plate is held in contact with (M) by means of two spiral springs, which 
are permanently attached to it and are hooked over diagonally opposite 


* Acid or the direct use of caustic produced only negative results. 
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set-serews (S) on (F). This permits easy handling, as the whole device 
acts a unit and a part of the objective, so that focusing up and down 
and movement of the slide are the same as before. 

The actual operation is as follows: After (F) has been attached to 
(O), (M) is fully screwed up so that the bottom of the plate and the front 
lens are in approximately the same plane. The specimen is then located 
and focused the same as usual. When pressure is desired (M) is unscrewed, 
forcing down (P) until it comes in contact with the cover glass; the focus, 
of course, remaining the same, as the distance (d) between (QO) and the 
specimen has remained unchanged. Lowering the objective now, with 
either the coarse or fine adjustment, will compress the specimen, and at 
the same time blur the focus, as (d) is lessened due to take-up and com- 
pression between the parts. To regain the focus a further lowering of 
(M) is necessary; this gives additional compression to the specimen and 
forces it from the lens in (QO) to restore the correct working distance (d). 

The groove and wings of the plate serve a double purpose. The groove, 
besides being a centering device, also serves to reduce the friction between 
(P) and (M), so that (M) will turn on (P), rather than (P) on the cover 
glass. This latter action would disturb and possibly destroy the specimen. 
If there is any tendency for a slipping of the cover glass this can be re- 
moved by holding either wing with pressure from the finger of the operator. 

The maximum compressive force available is limited by the weight of 
the body-tube and attachments of the microscope, and, although this in 
itself is not great, in terms of pounds per square inch of pressure on the 
specimen it is large, and in nearly all cases more than sufficient. 


Casting 


The following technique for the study and differentiation of the ex- 
ternal structure and detail of textile fibres is based upon the method re- 
ported by J. I. Hardy (1): Four moulding mediums and three forms of 
moulds were used. The first mould was one composed of layers of ad- 
hesive tape built up to the desired thickness. Its advantages are that it 
can be built quite easily and to the desired form, and that it will hold the 
fibre in definite position. Its disadvantages are that it is difficult to work 
with, takes a fairly long time to make, and that, above all, it is not per- 
manent. For this latter reason, after the first few trials, it was discarded. 
The next mould tried was of rubber. The form can be cut as desired from 
sheet rubber. It is easy to make, is flexible and can be used indefinitely. 
However, the thickness cannot be changed, unless two or more layers are 
cemented together; and, of greater importance, the casting medium flows 
from the mould under its edges, which are drawn up from the slide as the 
upper surface of the medium hardens and contracts. The third, and adopted 
form, is made of sheet brass. Different sizes are cut out and filed smooth, 
especially on the bottom. Different thicknesses can also be made, which 
can be used alone or together to give any desired depth. Cementing them 
together is easily and permanently done with collodion. The frame of the 
mould is 1/8x1/8 inch, while the most efficient inner area is given by 
dimensions of 1x1/2 inch. In this respect it was found that, to obtain 
good casts, it was necessary to allow for a sufficiently large volume of the 
moulding medium. This is especially true for collodion, which, when poured, 
is in fairly dilute solution, and which, on evaporation, leaves a thick, air- 
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filled and irregular outline around the side of the frame. This deformation 
tends to extend to the centre of the mould and mar the cast. 

The first embedding medium tried was parlodion. Although various 
concentrations and conditions were experimented with, very little success 
was experienced. It failed to take a clear, clean impression. Evaporation 
left many coagulated lumps and air bubbles. The cast remained jelly-like 
in consistency and opaque grey in color. It was easily ruptured, and the 
removal of the fibre without damaging the east was difficult. 

The second medium tried was a commercial compound (‘‘ New Skin’’) 
composed mainly of collodion and amyl-acetate. This compound gives good 
results, especially on heavy fibres. It should be used with a 1/16 inch thick 
mould, as there is little contraction when setting. Evaporation takes place 
with the formation of few air bubbles, if the liquid is not agitated before 
pouring, and the surfaces of the cast remain fairly even. The time for 
evaporation is comparatively short (one to two hours) and ean take place 
in room atmosphere. The disadvantages of this medium are that it grips 
the fibre very tightly, making removal difficult. Also, that, due to its viscous 
condition, it is probable that it does not take a complete impression on fine, 
detailed specimens. 

The composition of the ‘‘New Skin’’ led to the trying of an ether- 
aleohol solution of collodion, which has proved to be quite satisfactory. The 
care required to handle this product is greater than for ‘‘ New Skin,’’ but 
the results are more precise. Its greatest drawbacks are a tendency to form 
air bubbles, and an uneven solidification upon too fast evaporation. Both 
these defects can be overcome as follows: The liquid must at all times be 
handled gently; if agitated, sufficient time for it to come to rest must be 
given before pouring. The actual pouring must be done slowly and not 
from any height. Immediately after the collodion is in the mould, the 
entire mount must be placed in a desiccator. This retards the rate of evap- 
oration, which, if exposed in ordinary room conditions, would be much 
too rapid, resulting in a skin formation on the outside with large gas-filled 
cavities within. After the mount has been in the desiccator for approxi- 
mately one hour, a small amount of air can be allowed to enter. Evapora- 
tion should be slow until, at the end of the third hour, the mould is fairly 
firm and at the optimum condition for manipulation. The large area re- 
quired by this medium has already been noted; the depth of the mould also 
must be greater than for ‘‘ New Skin,’’ the most efficient depth being 1/8 
inch. Air bubbles, if formed at the beginning, can be removed by piercing 
with a fine needle. 

The fourth medium, and the one from all considerations which gives 
the best results, is a solution of celluloid in acetone. This medium takes 
a good impression, dries readily and with few imperfections, and is easy to 
handle. The treatment in handling it is similar to that for collodion, but 
need not be observed so rigidly. 

The actual making of the casts is as follows: The fibre, properly 
cleaned, is mounted on a glass slide and held straight and taut with Scotch 
tape. The desired mould is placed over the portion of the fibre from which 
the cast is wanted, and the medium poured in. The mould is arranged so 
that the fibre extends lengthwise down the center. It is better to place only 
one fibre lengthwise in a 1x 1/2 inch mould, although, if a cast of only a 
small portion of several fibres is desired, three can be arranged crosswise 
in the mould, the fibres being approximately 3/16 inch apart. The fibre and 
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mould are best arranged under a binocular, stereoscopic microscope, and a 
quick examination should be made after the pouring to see if the orienta- 
tion is still as desired. To facilitate the removal of the fibre, contact with 
the slide should be close enough to prevent the medium from seeping in 
under the fibre and completely surrounding it. 

When evaporation has reached the desired degree, the fibre holdings 
(Seotch tape) and the mould are loosened from the slide. Then the entire 
mount (mould, cast and fibre) can be lifted off as a unit. To remove the 
east, but leave the fibre on the slide, the mount can be loosened and lifted 
off if the time of evaporation is reduced; i.e., approximately two hours. 
Hardy recommends this procedure, but it has been found that the im- 
pression is not so good. The cast, and especially the fibre, is liable to 
damage, correlation between the two cannot be precise, and a microscopic 
examination of the underside of the mount is not possible. 

The removal of the fibre is best done under the binocular microscope. 
The bottom side of the mount is turned uppermost; the projecting end of 
the fibre (purposely left so) is taken with fine tweezers, and, by gentle 
pulling, the fibre is removed. If there is any sticking, a fine needle or 
lancelet can be used to cut through the obstruction and free the fibre. 
After removal, the centre of the mould carrying the cast can be cut out 
and mounted for microscopical inspection. The mounting is best done on 
a clean slide under a cover-glass, the cover being fixed to the slide at four 
points by means of Canada balsam. Inspection can be made from either 
side (generally from the top), where a view of the undamaged cast surface 
of the fibre is seen. Focusing down will show up the side details, while in- 
spection on the underside of the cast will show the fissure caused by the 
removal of the fibre; lowering the focus from here will bring the inside of 
the undamaged upper surface of the east into view. 

If a permanent mount of the embedded specimen is desired, the evap- 
oration period can be increased so that a firmer contact between the 
medium and slide is secured. Then, with a sharp scalpel, the desired area 
in the mount containing the specimen can be cut around, while the form 
and outside of the casting medium are removed by the insertion of a razor. 
With collodion this leaves a clean, compact and permanent mount; ex- 
cellent for showing internal structure and eliminating the necessity of a 
cover glass. Its worth appears to be directly opposite to its simplicity. 

Casts of split sections are made in the same manner, care being taken to 
be sure that the exposed inner surface is uppermost both before and after 
pouring. 
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Abstracts 


I. Freres (SYNTHETIC AND NATURAL) AND FIBRE 
ANALYSIS 


CRYSTALS OF THE LIvING Bopy. Sir William Bragg. Nature, July 8, 1933, 

P. 50-53. 

A brief review, by the world’s authority, of the powerful weapon avail- 
able in the form of x-ray analysis for the attack upon the nature of the 
ultimate constitution of living (protein) substance. Specific references are 
made to silk, hair, and wool. An interesting mechanical model showing the 
stretched and unstretched keratin chain is pictured. More about the 
spacing and orientation of the atoms of textile fibres, as well as of the na- 
ture and magnitude of the sources which bind them together to form what 
we know as a fibre, will be discovered as x-ray analysis continues to be 
used. (S) 


Fisres: Fine Structure. R. O. Herzog. Kolloid Z., 1932, V. 61, 
P. 280-297. 


A plan of construction is devised for macro-molecules, and their origin 
and aggregation to bundles as in fibres are discussed. The most important 
problems of such systems are also approached. A scheme is given for ar- 
ranging construction from the molecular to the histological scale. Figures 
taken from several publications give numerous examples of fibrous and 
laminar structure in interlaced substances, including cotton hairs. (Copied 
complete from J. T. J., Feb., 1933). (8) 


Sirk: Supmicroscopic SrructurRE or. IV. DouBLE REFRACTION OF 

Sericin. K. Ohara. Bull. Inst. Phys.-Chem. Rsch. (Tokyo), V. 12, 

P. 393-400; Abstracts, 1933, V. 20, P. 415-21; ef. Chem. Abs., 1932, 

V. 26, P. 5762. 

Contrary to previous assumption, sericin contains regularly arranged 
eryst. micelles; double refraction is observed in cross section as well as in 
fibre direction of silk. Sericin shows a total double refraction composed of 
the positive sp. and the positive form double refraction. The positions of 
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index ellipses in sericin and fibroin are given. (Copied complete from Chem. 
Abs., 1933, V. 27, P. 3614.) (W) 


TEXTILE Fipres: ELEctRic Conbuctivity or. R. Tsunokae and G. Enomoto. 
J. Agr. Chem. Soc. Japan, 1933 V. 9, P. 361-8; Bull. Agr. Chem. Soe. 
Japan, V. 9, P. 26-8. 

The elec. conductivity of raw silk was not changed by storage for two 
years. The conductivity of rayon is generally greater than that of silk. 
Among the rayons, the acetate rayon has the least conductivity. The con- 
ductivity of silk is decreased by degumming. The conductivity of silk 
boiled off by heating in the autoclave is greater than that of silk scoured 
by soap or enzyme. When the silk is boiled off by means of soap solution 
and then treated with NaOH the conductivity of the fibre increases with 
concentration of NaOH. This may be due to Na combined with the silk. 
Weighting silk with Sn salt increases the conductivity. (Copied complete 
from Chem. Abs., 1933, V. 27, P. 3826.) (W) 


Woot FisrE: CHEMICAL RESEARCH ON THE ScourRInG or. I. Errect oF 
THE ScoURING TEMPERATURE (1). II. Errect or THE Scourine TEM- 
PERATURE (2). H. Sobue and K. Ono. J. Soc. Chem. Ind. Japan 36, 
Suppl. binding 1933, P. 213-16, 216-18. 

(1) deals with the scouring of merino wool and (II) with other wool 
fibres. Merino wool contains more suint and grease than the crossbred 
wool and on increase of the scouring temp. the scouring-decrease increases 
slowly to 35°, then rapidly to a max. of 45°. In crossbred wool the suint 
is rich and on increase of the scouring temp. the suint scouring-decrease in- 
creases rapidly to 35°, reaching a max. not changing up to 45°, while the 
grease scouring-decrease increases to 45° and reaches a max. at this point. 
The optimum scouring temp. is about 45°. (Copied complete from Chem, 
Abs., 1933, V. 27, P. 3614.) (W) 


Il. Yarns and FaBrics 


CHEMISTRY OF RAYON: PROGRESS IN THE, 1930-83. Kriiger. Angew. Chem., 

1933, V. 46, P. 311-23; cf. Chem. Abs., V. 24, P. 3899. 

The general discussion takes up raw materials, cellulose solutions, the 
spinning process, properties of rayons and their distinction. The various 
manufacturing steps for viscose (Cu) and acetate rayon are discussed. 
Two hundred and nine references. (Copied complete from Chem. Abs.. 
1933, V. 27, P. 4074.) (W) 


Corton ABSORPTION BY CARD CYLINDER WIRE, AND Its EFrrecrs ON SILVER 

AND WASTES: THE Rate or. Horace Spibey. J. T. I., May, 1933, 

P, T212, 

This paper presents an analysis of the effects of varying the period 
(subsequently referred to as the working period) between successive strip- 
pings of a card, and deals essentially with (a) the rate of cotton absorp- 
tion by the card cylinder wire, and (b) the effects thereof on silver and 
wastes. The tests were performed under both laboratory and mill con- 
ditions; the laboratory tests were conducted on a mixing of American ani 
Egyptian cottons whose mean fibre length was 24.0 mm. and most frequent 
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length 25.9 mm., and the mill tests on an American cotton with mean and 
most frequent lengths of 20.2 and 24.1 mm. respectively. The procedure 
adopted was to strip out the card after various periods of working, collect 
and weigh the strips, taker-in fly, flat wastes, and sliver, and express the 
results in terms of input percentages. The flat strips and sliver were tested 
for regularity. The results of the investigations may be summarised as 
follows: (a) After stripping, a period of 20 to 25 minutes is taken for 
the rate of absorption by the cylinder to become reasonably steady (i.e., 
for the cylinder wire to become loaded). (b) The highest rate of cotton 
absorption by the card cylinder occurs on the resumption of carding after 
stripping, and the lowest rate just before stripping; the rate of absorption 
curve is approximately hyperbolic. 

During the period of loading, a high proportion of good cotton is 
absorbed by the cylinder and there is little change in the constitution and 
appearance of the strips; the weight per yard of the silver increases 
steadily; the total waste percentage rapidly decreases. 

After the period of loading, the cylinder strip contains more short 
fibre and impurity; the sliver weight per yard becomes approximately 
steady, and the flat strip weight increases at a slow rate; the total waste 
percentage shows a steady decline. (S) 


Crocky DyEINGS ON SuiTInG Fasrics: CAUSES oF. George Rice. Tez. 
Col., 1933, V. 55, P. 414, 416. 


The presence of excesses of oils and soaps which should’ have been 
washed out before dyeing, the use of dyes in cotton-wool union fabrics that 
have different fastnesses for cotton and for wool, and the presence of 
atrophied fibres, dead fibres and fibres of the kemp type in wool goods are 
cited as eauses of crocky dyeing. (Copied complete from Chem. Abs., 1933, 
V. 27, P. 3825.) (W) 


III. CHrmMicAL AND OTHER PROCESSING (Nor 
OTHERWISE CLASSIFIED ) 


ABSORPTION OF TANNIC ACID BY PRINCIPAL TEXTILE FIBRES AND BY VIS- 
cosE Rayon UNDER VaryING Conpitions. I-III. K. Hishiyama and 

M. Tomonari. J. Soc. Chem. Ind. Japan 36, Suppl. binding 1933, P. 

211-13. 

The effect of time, of temp., of time at various temps., the effect of 
cooling of the mordanting bath, of concentration and of additions are noted. 
Results in the last case: (1) HCl has little influence on the absorption of 
tannic acid; (2) AcOH has no effect; (3) formic acid or Na acetate 
hinders absorption; (4) both NaCl and Na,SO, have very little effect; and 
(5) addition of NaNO, causes absorption. (Copied complete from Chem. 
Abs., 1933, V. 27, P. 3614.) (W) 


BLEACHING Woon (AND SILK) WITH POTASSIUM PERMANGANATE. L. 
Rinoldi. Boll. laniera, 1932, V. 46, P. 683-5. 
Treat cold for 30 min. the well-degreased wool with 20 parts of a solu- 
tion containing 3 g. KMnO, and 3.5 g. MgSO, per 1., expose for 3—4 hours 
to the sun, treat in a bath containing 40 cc. NaHSO, 35° Bé. and 4 ee. 
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H,SO, 66° Bé. and rinse. Add more NaHSO, if the goods are still colored. 
For silk the first bath contains per 1. of water 1.5 g. KMnO,, 2 ce. H,SO, 
66° Bé.; the second bath 20 g. NaHSO, 35° Bé. and 2 g. H.SO,. (Copied 
complete from Chem. Abs., 1933, V. 27, P. 4085.) (W) 


MERCERIZATION PROCESS: DECONVOLUTION OF Corron Hairs AS A TEST OF 

THE. ‘‘THE DECONVOLUTION CouNnT.’’ Mary A. Calvert and Douglas 

A. Clibbens. J. T. J., June, 1933, P. T233-T254. 

The change in geometrical form of the hairs caused by the merceriza- 
tion of a yarn or fabric can be expressed quantitatively by counting under 
the microscope the percentage number altered in some characteristic and 
definable manner by the swelling treatment, for example, from the form 
of a convoluted ribbon to that of an unconvoluted rod. This paper de- 
scribes a counting method of this kind, and discusses its uses and limita- 
tions. The method consists in cutting a large number of hair fragments 
0.2 mm. long, mounting them in liquid paraffin on a microscope slide, and 
counting the proportion of fragments free from twist or convolution. The 
result, expressed as a percentage, is called the Deconvolution Count. The 
absence of convolution is the sole criterion used to define those hair frag- 
ments included in the count, no attempt being made to distinguish those 
that appear ‘‘swollen’’ or ‘‘rounded’’ from those that do not. The use 
of short hair fragments, instead of intact hairs, facilitates good sampling 
and renders the measurement less exacting to the observer. Included in 
the paper is a discussion of the effects of concentration of sodium hydroxide, 
variety of cotton, the structure of manufactured goods, shrinkage during 
mereerization, temperature of washing and of repeated mercerization, 
chemical attack of the cellulose prior to mercerizing. (S) 


SUBSTANTIVE DyE SoLutTions. Michel Lesbré. Tiba, 1932, V. 10, P. 9-13, 
109-13, 197-207, 293-305, 387-401, 579-87, 739-49, 823-9, 905-9, 
985-91; 1933, V. 11, P. 3-7, 83-9, 163-7, 243, 245; Chem. Abs., 1933, 
V. 27, P.. 3337. 

A purely physical method of determining substantive dyes in solution 
is described, based on the use of a photo-clectrie colorimeter, and at least 
as accurate as the best titration methods yet devised. Substantive dye solu- 
tions constitute complex polydisperse systems, the color and state of dis- 
persion of which are essentially variable according to the nature and amount 
of electrolyte added. Investigations of the ageing with time at different 
temperatures, the effect of adding small quantities of electrolytes, are 
described, as well as a quantitative study of the direct dyeing of cotton in 
dilute and concentrated baths, the effect of temperature on rate of fixation 
of dye and amount of dye fixed. In most cases the optimum temperature 
as regards fixation is below 70°. Best conditions for direct dyeing of cot- 
ton appear to be: passing goods for 40 minutes through a bath at 70°, let- 
ting cool to about 40° for 20 minutes (cooling favors the irreversibility of 
dyeing). Electrolytes increase the amount of dye fixed and improve even- 
ness of shade, but excessive doses should be avoided. The chief factor of 
direct dyeing is the degree of dispersion of the bath, and the state of 
gelification or swelling of the fibre is of secondary importance. (W) 
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IV. ResearcH MerrHops AND APPARATUS 


SPINDLE SPEED: ACCURATE MEASUREMENT OF. G. R. Stanbury. J. 7. L., 

May, 1933, P. T207-T211. 

By using a flat circular disk mounted on the cylinder shaft of the 
spinning frame and graduated with a series of annular rows of black dots 
and a portable hand stroboscope a precise measurement of the cylinder 
speed was obtainable. A small amount of test data was recorded together 
with a brief mathematical discussion of the method of computing spindle 
speed. (S) 
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